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(54) SEMICONDUCTOR STORAGE DEVICE AND METHOD FOR MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nonvolatile 
semiconductor storage device for storing information for 
plural bits, using a simple cell structure. 
SOLUTION: In this new structure of a nonvolatile 
semiconductor storage device for storing information for 
plural bits, the edge part of a gate electrode is provided 
with a charge-storing layer 4 for storing electrons. Thus, 
information on plural bits can be stored by storing the 
electrons in the charge storage layer 4. 
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*xgt, 

3<7>imm^h&ir- i-immtrM&i-^xmt. 
my- vfmfSk<r>±.mzY- vwmmmm^mmLtz 
my- ymm^mmm-ufy- yi&mw.i^^ir- 
->iriri>^t-Q. h«@«:?gfiS4i--&xgt, 

30 -f^xgt, 

m-m. 1 7 1 ^#fli:»«Oi®±UEfl $ ix;t:[HI«|5 

l±3J:i>'|g2 0i^iifem:&»ibfi!c^, r-h^ii^liit, 
R^ 1 ii J: 2 Offii^IIcOMtcES $ ^T-Ttr^WSflll 
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^■t^ztT. mummzmnb^ttitzy- hmws:fi 

i^Lx. ^m.^rirzy-Y'S.mt. 
my-\- m.^<Dm^ i^^eh $ titzmu t , 

So 

[0 0 0 ll 
[0 0 0 2] 

[Se*<^^$*Sl 8e*<OEEPR0M (Electrically Era 
sable and Programmable Read Only Memory) ^<7)yfM 

S- loo-fe;Hz|21t-r'&iJi«554*ffiS?iT.'CV»-i> (M. Bau 
er et al.. ISSCC95. p. 132) o L*»L.> zcymmim. 




i,*o z<otzit>. mmi:<^mm\zm^j:^is.WL<o^mzw: 

i^/^HSSgS'nTV'^ (B. Eitan et al, IEDM96, pl6 . 
9. Fig6) o tfz. ^tHzmiS^<^-i:}^m^tLX:^^m 

^[zx-zfxy- Ymm<ommiz%m^mmi:WLif^mm. 

*^'J-:l|fFU^Sfg?nTV>;& (7K:H#lt#^^4 8 8 1 1 0 

^7!)^hm.%m\zm^&^mi:'sim^j:T^m^^^^') 

y±»C||ja-t-4dZ-ll*^S5S ^"Cv^io EEPRO 

^14 ^ ^ U i: jSiSlilf^^tg ^5: 5^ ;^ < •>' ^' R A M Sr ik 

VL.S IOS**^t.liLTv^-&o tCl-^ji^ ffi^O 
^^'f 7^'RAMO^^';-fc;H± b i^>f-m^^^^ 

'{>*i:fe't'&o LT'wJi^-pT, -€-<7)ti«-^y yc^sas^:^ h 

«it^:fflv>■C^^•rl'•^5 -y ^RAMO^^-'J-feJW^^ai- 
[0 0 0 5] 

10 0 0 61 ^^m<Dm<OS&}\±. ffl^^fcSiitT'n-bx 

e i sail 1- */pj«%i4^«'frfaitssg<osiit:^ffi Sr«t«fe 
siW.mm<nmmimm^^^tx$)io 

1 0 0 0 8 1 2|s:§I^O $ c> izmo i fi*ll±, JBf^iSitT' 

^m^^iL^m.^iiiLm^^j:m^^^'^')if^MLtz^ 
[0 0 0 91 

50 immim^-t^fztf^ffi^m.] ±tZSmi'SlS.titzib 
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<7)y-hn.mti. w^i^izmmi^mmt. i^j^-Kc 

10 0 1 01 ^^m(r>^2(o(^WLU. ^mi^£^<o±m 
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r-vmmmt. m2<ofsmm(Dtsmz^m.^titz 

[0 0 11] *:^^<o^3oiffMi±, T-m^^mi^u 

(D±m±iz^m^titzmi<r>T&immt< mi<r>TU 

i^mm<D'p^(D ±mzmm.^tifzm i <7?4'W^^iit. 

±mz^m.^ttfzmi<o±&mmm:t. mi<D±uf^ 

m(D±mz^m^tifzmi<r>y-hmmt. i'pi-j:<t 

(DTUf^mm:(Dmmzmm.^titzmnmmmt. ^n'f& 
mm<^±mzi^m.^tifz, mi<7>M,mmmmtm-um- 
ii^(>mim2<r>mwismmt. m2<r>T9!>mmjsiisxv 
m2(Dmmmmmff>±mzsim.^ixtz, si(o±si5*6i» 
mtm-um^i=:>^^m2<D±mi^mmiz. m2(D±n 
imm<o±mzmwL^ixfzm2<Dr- hmmt, i^^-^r 

[0 0 121 ^^m<r>mi<r><^mii. T-m^^mmi 

^fmm(r>'p^<o±mzmm.^i^fz^l<o'pm^^mmt. 

««e t , s 1 o^'Hite^i^ii J: o'^ 1 (Dm^wmm<^ 
±mzmm.^tlfzml<D±.u^^mmt, ml<o±^ii^^ 
mo±miz^Si^tifzmi<7yy-hn.mt. ^'p^j:<t 
Alt L , m^^^mmmmmt, ^^i^^^scoi® 

tz. m\ff)nMism.mtm-i^m^^mhm2<D%mis 

nmt. ^2(D-^^^nm±.^zw.m.^fitzm2cr>±.u^ 
m.mt. m2(r>±.u^^±.^zmm^fitzm2<r>Y-Y 

[0013] ji^^^<r>m 5 <^!lf Sen, -Ni^^^SISf^ilS 




m3<r>imm*^htLi>, y-^«SKt. ^2w*6^m 

[0 0 14] 2|s:«?g<^>|g 6 OitfSli, iH^^^li^fiOiS 

tj^^wmw.<D±m^^zmm.^ixtz. miiii~rfm2<D 
im.m^h^i>. Y-\-^mW:t. miii^ifm2<r>i& 
10 m<r>mz^Wi^i^fz-^m^^mt, Y-Ytim^±.\z 

W.m.^ixtzY-YW^t. «:^J'-'i< tfe*lii-i^ail 
[0 0 15] 2t5:|g^o^7W#gil±, 4^»#:«fi(^±® 

±.\z. Y-ymmm^^Lx. ^m^ixtzY-ywik 

20 [0016] 

m<r>jmi:mm-ti>. \>XT(r>mm<r>uwL\zi5v^x^ r- 

* (i I- ti |Hl - 1 t±S<tt W ?g=-f - ft L r V ^ 

30 [0 0 17] {mi<Dm:m<r>rm mwt, ^w^om 

OS h9>-:^x^-cfllfiS:$tL*o 2|c*?g<!0is 1 <ollifco 

^1 y- hm^Sji^^kfitL, ^1 hm®3«0Mfflij 
®Ul±SWSI8)i4 (4 a, 4b) -bmihfih. Z<r> 

w.m^mm4\immmyt'tmLxtsy). mi^-^^miisk 
itms. m2mimim6, ms^^^mzmimixm 
40 ^^ti^ho ^hiz. m^^mm4<o±mziim2Y-h 
n.m8i!imifhtii>o sw#«S4<ofi!iffiu{±->j-'f k-^ 

+ -;i/>t,'^--r9**IS:it'btT., c.o^i' K'l7 * -;wx'^ 
«1--2>ffi;T^i^!g3jg««On-lllS;t!cll 0 t, ^<7>n-a 

1 1 1 Ti^mn hix^o miY-h-^ms. m.nwfkm 

4, ^2y- hSffiSisiy-'n+M&tJ:® 1 1 ^ix^ti 
i:S^2y- hSS8 liCO^SJS 1 2«r^LTm^fit)U 
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[0018] ^^^(om 1 (DmM<omm^^^^m^ii. 

>«J^«:fi^*E^ift)K<^ n -SStifcS 1 0 t^^nmiSk 
&(D n 1 1 T-ffi^ L/'J L D D (Light ly dope 

d drain) «it^*LTv^^o ^LX. m 1 h«S 

"0 1", "10", "1 i"i-*t)S?-^^o m 
2 <or- h^S8 4-^ 1 r- hSS3 tcs^-fi<j»^-r4 

[0 0 19] 3|s:#&^0||l O|liS<0MtC'^-i)?r: 

i »^^-=EV<Of!iflPlcov^T02 7l7Mlll4 S-fflv»T§i?? 

-&5f^W%ft^'tU<^ifffiiaT**o gI2i::^1-J:-9U, . 

>^';-fe;K^)»#ii.^^^i:i±, r-hGtc?gJSEE (-1 

ov) ^epjDL, iB]^us^^isa-r'&m^^ii«S4 b 

tcifi^-r -5 KW'f ^-DiCiSEE (~8V) ^riJDx., 
Lirv^v-y^ S tSf^k-t-So J: -7 i::SS4:enira-t* 

(Channel Hot Electron) 
::co^S^36*«#1l«S 4 b coSfk)^ 6 izmm^ix 

-So m^»fii«« 4 b izn.'Fimm^tiit. -t}vhv> 

ho *#:fi<)icl±, 1113 U^1-J:-9 ic, r-hGUmffi5 

vim^. iiiB#(cKU'r>DusE3 v^reniDL, astt 

(- — 6V) SrEPiDL, tW^^a-smitlim^ 4 b 

g^i--5 Ku^ ^DiziE^jE (~9v) 4^e^^raL^ mws 

m^(r>m^. Mos h7>v;^^'«ov-;^s t k 

[0 0 2 0] ^u, :^?km<r)f^i<r>'$m<r>imi\z%h:^ 

12 9 4rfflv^Tgi^i-^>o S 1*12.5 t::^-r J: tU, pS^^ 
^#:»^gl±tCii^fklCj:oT2 5 nm^Y- Vm.m^. 
24:JFMi-*o ^v^-C, pSI*«#:»«l^ffiULPC 
VD (Low Pressure Chemical Vapor Deposition) ffitc 
J: >) nat7t»ipa^*et/S: K-7'L/i3 0 0 nm<7)# 

y f-^i^ttitJtcJ: »5vN-i'-^>^^L, |^l<>'-)-SS3 




(0 0 2 1] 12 6 (CS^-r J: T y-x^J^ijJ: 

vy\^-(>mi&im&iri mi&<r> p i 

Mwy- h Igj^lj^ 2 *Bfe* L fztk^ p 1 

9 0 0^-120 ox:<r>mitw^m%^x'^mitL. i o 

nm<7)ISmftSl5«:Ji^fi&1-*o "tLX. ^imms 
±JCLPCVDSt-J: >) 1 0 nm~ 1 0 0 nnK^MftiS 
6 immL. -?-Of*9 0 0"CO7K3l««lKffc*'5><'MlC 
VDSCi IJ^fk^e^BJlS nmS«<iOSI2KftM7 

10 [0 0 2 21 iX<iZ, 12 7 tc^-t-J: -9 ^2i?'fkM7-h 
IC/^tx-lfLPCVD^tCi ») 2 5-2 5 0 n mgS<0 
#-Sb°bV'J ^V^-JiWL^'cf^, R I E (Reactive Ion E 

tching) mzx^my5ii.^y^>Vin^\ ^<n^m^ 

V 'J 3 1 mm 5 , EfkiK 6 ij i cr^ 2 mm 
- HIS8 4 «-iii y- hmsfl!, 

[0 0 2 3] •J^ic, 12 8 \Z7^-tii^ ic, e:^*ft!^iSJS<^) 

20 > aAK?ff x^^iY-ynmziii^ u^mwuw^ 4 

1 0 0 2 4 1 ^JCU, 12 9 IC^-r <t ^ 4 O 

n +m.mm 1 1 immi-^o a +§itetJce i 

S4*J:l/-9-'r K-t? *-;U;^^--9-9 tLX n 

M^MtJS-ftAL, •?-«om<^l»!^!!tair ioTaAL;^:^: 

30 [0 0 2 51 ^JcU, pM^it<!^S«l<7)^iBlCCVD^ 
^« 1 i:^fS^^m^'¥xmM-t ^ ^ b{zxy)miy 

+mwiWLSi i^ti^ti<Dm.miz-^m.,^.^m'y')'>^^ v 

h 3 i5 J: O-'ll 2 h 8 ±OjSBi v V -9- 

igi6, m2'mm7. mz. gftmewnifd^ig^stt 

[0 0 2 61 JSriS, |2^tiL^v^7!|i, 0 1 W > -=6 U -t 

.oa^<OCMOSSaiSXgSrllI':*CiiiT, gi^S<J«:^»l& 

[0 0 2 7] 2^%^C0^ 10^i4<75f^Sl-J:<T.I^. 
IS«l4fiO±SI5irtll2y- bmffiS^r^lt/cOT-, L 
so §v^^tSJE<Oi6iJ|»1±**|fi]±1--5.o 2|s:^?g<^SIl CO 
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[0 0 2 8] (^2 (Dmmmm) ^t^. 2 
<r>mm(ommi^mi-i>o mi oi±. :^^m'o^2(Dm 

im^l 4*»SStt'bii-&o -J-Lr, 1^2-5^- hifg^lKl 

y- h^mm^ 1 4 j: ysi?is«^ 4 a , 4 b ±tcti^ 
•So y- hSffisoiBffiniiKfbSli ei-fi-Lx-^r-f y 

^—*)- 9 (OT&<D p 1 tc»±, 

SffirSfcS 1 0W^1iHcfirei-SjS/FC*e!feMlJS<On+Ml!£ 

[0 0 2 91 ^f^m<Dm2<r>mm<oMmK%i>^m?kii. 
mon+mm^i ixm^t/zLDDm^i^txy^^ 

^2Y- VmrnW:! 4<Oiimtci±Sit««^4 aiJi: 
0^4 b«fiS:$fl^>o C:<0 2 ,oomi!fll«ii4 aisitr 

4 btc®^4-s«L, -^osmt>cS(± (1) 

4 a, 4 b<^v^-fix'{)^^-^S«LTv>^v>;yt^„ 

(2) ^i^||«^4 aO<%iitS^-*SltLTv^-&tlc.|B, 

(3) SWS«e4 bO**»S^«r1g«LTV»4*^t^., 

(4) mitl§l»«4a, 4 b*lcSi^^1l«LTv>^« 
C0 4 -ocotJtB^r t O^f-So ::c0 2O(^a^?=#fil^4 

ai5J:I>*4 b IciSj^StL/^cm^-co;^!^ J: oT^i:.& L 
i v>-|ilSffiogEfk^«r|5IHSmo "00", "01", 
"10", " 1 1 "(c*t/s$-it>&o ttz. ^fiO>^v-fc;i' 

itii-ei±m#s«g 4 a , 4 b \t^^y!^)vmm.nu(D± 

4 a, 4 bomi=-<0|g«;t^SH'Kl¥L^v^„ L7t75>--Q 
T, Sitll«g4a, 4 b<^l|^-Wj§7FjElcJ:;5,igm* 
(over-erase) l±E5ili$ix, -^-nic J: 0 i§?B*lceBi- 




^ «; tHa-e # -So ^^»fllS[§ 4 a ±J J: if 4 b li 

^&Xhi>o ^ibtc, ^ly- hl6«tmi 3, ^3y- 
hi^Kl 5^->'J 3>S^ftM (S i O2K) <02^SS 
10 SOgim^S:W1--5->';3>Mfbm (S i 3N4m) t? 
SSI-iUf, ->'J n>^ftK^ffMi57>M nm~l In 

ho tztk. lf-> -J 3 >mimmnmM-h^5 n -> 3 
>gft:SIOSIKMI¥J± 1 0 nmSJ5«:W-e, ita h >7- 

;i' (DT) aAtSlfe^^t^jv^o L;ft7J«oT, ^^^oft 

•So 

[0 0 3 01 2|i:|65qo||2 0||iS<^?g.^tr'^^;f}f^14 
20 ^^^;.j-=e';(75>^'J ■t:;WT-l±, v-xfflltiJ J:^7K^' 
-^>®^<OWEIfi]±<OSfi«J■Cn-S^!2:f!cll OSrlStt, 
LDD«igSr«fi£LTV>-5*f, v > K b -f 

If^LTt J:v»o ^2y-hjf6^l^l 4l±m#ll«S4 
a-4 bH<0'J-^'4rg^Fih1-'S;4«, /t: t ■> 'J 3 >gg 

LXMtzb jLltl i02^ Ta205, AI2O5, P 
30 ZT, SBTis^-So 

[0 0 3 1 1 '^t-, *5l?g<75^2O||ife(0mgtC-(^^/F 
W^tt>^ •JOi&f^lco(/''-CEI 1 1*3J:0>*EI1 2^fflv^ 

' xtm-thomiWi.^^TL^mv^^nmirhT^^m^ 

(CHE) -e^^?: KW-f >fIlSfflO^W1Sa^4 b 
40 tcaAi--So V-;^.Sl^ffl!|coS#S«e4 al-m^^S-^ 

'j-tJKom*i±, HI 2 tc^i-J:^ tc, y-hGtz*m 
tt (~-5 V) SrEPiDL, 7r^7 - • y;^^v^'f A 
(FN) Mh v^^;i'SSiE4'ipJfflLra#SS)i4 a, 4 

mzi)^^<D:<^^)-t)vx^m^f^x\^-^hm'k\z\±. ^ 

nt,<Oj<*';-t;U7)»c,p]B#lc^^Sr5l#Jfe< ^ hi)^X^ 
So -o^lr-g-, V-;^S, K U -f V D l± p M*#ft:*« 
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»mm.& (Floating) tttm. K U -f > DfiloSitS 

- s ft! <^>Si^sse 4 b <o ^ mT- «r ? I # & < 
(0 0 3 21 jt^V-kn^n^^&^it. >^'J-b;uoM 

h G i: pa#^#:«fii 1 ovmm^muL. fn 

[0 0 3 3] S7t|il^l±Li:V^7j?, jt ^ V -tAnm^tii 
*^ftli-'&C:tTfi'*3iX'6o SiSff1S«S4 a> 4 bOS 

a^^.t:J:oT4 0(;?M^:'?>mcfEfSit#'tt:i^*#f'tl., 

10 0 3 41 ^ic, 2(t|&ggo«^2 0SlifeOJg^lc^*^ 

Sia 1 9.?:fflv^T|}i^1-*o t-f m 1 3 iZ^-Tiio ic, 
p M^«#«« 1 ^Bt-^WS«t6:tl<0/h$ v»-> 'J 3 > 
SfbM4-it«t, 1 0 nmgSOlll b«S»mi 3 

||(±;^^i: x.ff J VD (Jet-Vapor-Deposition) Sffi^ 
J VDftU-3V^TJ±/>:i:x.lf##5:SR FT. P. Ma, 
IEEE Transactions on Electron Devices. Volume 45 N 
umber 3. March 1998 p680j \Z$zm.^iX^o miV-^ 

1 5 5:SfiEi--&o 

[0 0 3 51 ^Xtw, 12 1 4 ica^-f J: 0 (C, pa*»^« 
K- •T' L 5 0 - 2 5 0 n mmSf^^-^BB v 'J = >M t 

-->^^L, r- hms3SrffMi--i>o ^v^-c, y-h 

jFM-t ^sitw p a45^«#*« 1 <7)«ffi«o^ 1 r- 
^mi 3. ^2y- hiife^Mi Anxi/msY-vim 

[0 0 3 61 m 1 5 ic^-t- i T tc, m^^ntmw^ 

y- Y ^im 1 3i3xvm3y-y mmm 1 5 j: ») 1 

2 Y- h^£#mi 4<Z)i^'-f->^^iSJ£**:fe^v^i-7f->' 




m^fflv^-C^2 y- h^Kl 4«^g6irSlR6<jU'i7 
10 J;v>o 

[0 0 3 71 ^{z^ mi eic^-fioi-, pM^as-^ai 
^^cS462^^i^-^) icit«l- -So -g-tr, I2ii7»z^ 

l-iTtC, pSi|^.#^!»:|g«l^®^Ci^L•CR I EtCi ' , 
SftM-e^flfe ^ n/c^WSH® 4 a iJ J: Of 4 b ^rMi" 

[0 0 3 81 ^iz. m 1 8 iizmt J: -7 1-> p 

mxt^Lm\zx^y-h'm^3i-7i^irtLxnm^ii^^ 

[0 0 3 9 1 'XI-. 1 9 t-^'t'i ^ 1-^ -5^- 3 
*e!iraK<^ n +St£tfce 1 1 iJ&^-ti„ n +lii!£fS:JS 

1 1 ii^^y&xitmizx^y- h'M.ms axv-^^ k 

[0 0 4 01 i;^ic, pS^^^*:»«l "^^S'-C VDu 

ig« 1 iT-m^wm^'^ximmi-i^ t u j: r- h 

®®3i3J:0'n+Mt£tScJl 1 1 -^n^'^to^® ici^lfi,^, 
[0 0 4 11 ^Sriix |gI^J±U'5:V^*t, gj i 0<O^^'J-t 

'J -fe ^l'35*^fi£-t" ^ o 

[0 0 4 21 ^(ZJiTlC, 2|c%^<0^2IIMO5i?^-e 
t±, HWISI&lg 4 a is i 1/4 b $ry- M:@3 <7)MSS<0 
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[0 0 4 3] tfz^ ^^Wmm 4 a i3 J: 1/^4 h<r>^^^^ 

ji^m:f3f^<omi±m 1 y- h 1 3 is j: 3 h 
•^o ^fiizxr)^ m^wmm4 aisj:z>'4 hirnmzm 

^^Sffie 1 4 a t 1 4 bW<^)ffl5:f^ffll±jec: "b^rv^o $ 
i:if^fil^4 ai3J:J/4 b»±, v-;^«^, KU 

Lrj]^«$tL, ^WS«JS4 3iisJ:ir4 h(r>n%<r>^^ 

[0 0 4 41 ? "bic, •t;i/«ji»±a'»C0CMO sxs-c 

[0 0 4 51 (»3 0||ifeOJ|^^) 3|s:||^<^»3 
l±s Ell OlcS^L/>:^2<7?^ig<^Jg^(2i3V»T. my 
4 t-xUnvS-fbH. «E3r-hi»i^|g|l 5 «•-><; 3> 30 

miS:^fe=£:. mi 3n^mi 5immLxmmiri>o 
[0 0 4 61 ^^^(om3<Dmm<r>mmi>zm;&:^m§t^ 

^miY- hMmi^i 3 iMi&-r^o miy- hm^m. 

811 4 ^rfM-f-So ^v>T, C VDfetc J: 0 ->•; 4o 
fklISrit«L, 1 0 nmgJt0^3r- hifgii^Kl 5 2: 
l^^-ri> (El 3#Sg) o 

[oo4 7]i>:ic, ^m.^^^mui^m\zLvcvT) 

ftCi »5 nSiT^clipM^i^t/i- K-VL;t 5 0-2 5 

S3 ^mm-r^^ Mitr. y- h^@3 ^r-^xi' t lt 

*6#M1 4iJJ:t/^3 h«6*Sflgl 5 SrieS^Wt; so 




yy^ (EI14#.B3) o 

[0 0 4 81 ;>:»C. pa#j»^««l ^giKftL. pS 

<^m#^«Sff^fi£<o/^*:)«9^K 1 7(i, »i r- hmt 
mi snjivmsy- vi^mmi sx*) i>^2y-h^ 

mmi 4<DJ^y^>irMmTi^iz^^'^y'J^>i^f6Lim^^ 

xm2y- h^mmi 4(7)muimiR6^iz'-7^-y i-^-y 
^>ir-t 'i,zi:x'fmi-^o ^^mom 3 (ommnMm 
-cj±, mir- hmmi 3i3ii/^3r- h^mmi 
5i:'>v=i>wit'(mxm^u iis2y-hmimmi 4i 
'y >} =1 >&itmxm&Lx\^^^<7)x\ j^-yf-yi^mbt 

Xii/ztx.i£U>m^tm^^iXi£X\^^o -> 'J n > 

mitm 1 4 Jii^Kfk^Ktiau j: o rjits t ^ t'^^b s t^^: 

c:<o/.-4!)ji7^vi^oiiJ?l±»i|6]±l-* (iai5# 

—Xhi>o 

[0 0 4 91 ■{m4<r)%m<r>wm --k^z. ^^m<Dm4 
<r>mm<oMm^wimi-i>o 02 oi±, :$:^m<r>m4<on 

im^mmmx^i>.o :^^m<om4(r>nmff)wmi±. * 

•^eV-t^W^rpffiiMOS h7>v';^^t?«ffeL/ilR|t?* 
So 0 2 0(Cg^i-J:T»C, 3|!:|&^0^4 0SIM<^B^»c 

*^1 9 0S®U^iy- hiffii^mi 3 Sr^LT^2y 
- hiP6i»lll 4 7i*S»t'btLSo -ftr, ^2-^- HffiMi 
Ml 4 0m«lC(imiff1l«e4 a. 4 b*»?i^«$tlSo 
^2 'Jr'- h*6^mi 4iiJ:i/m##«)i4 a. 4 b±(c 

ti^sr- hiffiMi^i 5«-^LTr- hmssTj^isttib 
*i.So Y-Y'W^3<nmm\z\tmm \ e^^ur-t^i' 

9cOTg5(75na#-^i$:««l 9 IC{±, f^^^wu 
^«2ic^i-Sii:^M!feigSOp-Mi£tfcS2 0 CO 
P -Mffitfcig 2 0 0^ffl!llwfi:fi-tS?S?F*B!^iftSO p + 
Si£tic^2 l75f|Slte.ttSo r- M@3i3J:0*p +M 
l£tS:S 2 1 ^tL-efL<^*ffilc*±«^S 1 Z^O^IStfbti 

So 

[0 0 5 01 ^\z. ^%'i^<r>%4<r>%m<r>wm\z%^ir- 

^^'l4^/e';ofif^Hov^TIiI2 l J: O-'ia 2 2 Srfflv^ 
TSiH^-t-So SI 2 Hi, »§iiAft)f^*Si^i-S/F}f« 

i4>^';<o»f®Ei-c*So m2 2\i..,m^m\w^^-t 

s:T:SI&14^*';oif®ia-e*So 02 lics^i-j:^ 
-^0 KM h y ^-;u?aiRjeHo^^t: K u-f v^ja^ 




>-=e';-t;v«ofg*t±. Hi 2 2 jc^-t J: 9 y- h 

GU*SJE (- — 5V) imaL. FNmB^SrffJfflLT 
[0 0 5 1] ^^'J-feJUO^^as-^li. *%^<0^2<7) 

-rso v-;?..'a«Hi8<omw«ss4 aicSi^*ft 

A-r-S^I-^l^Ji Ki^'OD. v-;^S-^■^^■^■•^^^cBl^D•t 

[0 0 5 21 tfzm^i^L^j:^':*^ pJ^V -fc;KO^.^tai 

S:^*n1--5.-i:T-fft)iX^>o mi^USt^ 4 a, 4 btOH 
«tfe,^ J: ^ T y - K Ul' > ^l^fi^omiilti 

ili^-f*T.lfJ:v>o aWII«e4 a is it/ 4 h<7)4-oh^ 
«^SlcJ;-3T4oo^5:-&m5tEf£iI#14*^#'bn, -5" 
ti-ic J: ») 1 o<?)-fe JWt? 2 tf y h 53-Ol1!ilS:fBtfe i So 
[0 0 5 3] (.^5(Dmm<DrM) >XiZ. :*:^^0^5 

jgg8-c(±, c:tt<ba2[lS&*«fiioi--&MOS 

2.0 I2 2 3l±, 2is:||^<^^5<O^i£c0J^^lc#-5,/FiS^ 
'J(7)^jaiI8&4:«fiit-r-SMOS 

y^^- (^*';-t;WTr) Jil^ur- h^S^mo^'iS 7 
aiSOMO S b 7 > ->*>^ ^' (T r 1 ~ T r 7 ) 
i-So 0 2 3o>-=e'j-t;i' h7 >v^:^^'t±I21 1 o 
\Z7T!.Ltz^^')-t)\^Yv >'J7.^X'i>i>o ttc. MOS 
Yvy'J7.9Tr:l-~i:v 7 {4-r'~<-C n SMO S h 7 > 



4$ a 2001-1 561 88 (P2001 -1 561 8SA) 




jdrtics 1 onnxfn -^mmMLm 1 1 , i 2 i±giffi 

*I,^<i-*>i*t-#^L,T**o MOS h7>v';^4' 
T r 1 ~T r 7 UOV^T «>ra^f*)-5>o 
[0 0 5 4] Izl2 3 U^L^cMO S h v ^vX^' 

<^SJ:l:^i**EI2 4 7!>SI1!3 0?rfflv^Tiji^-r-&o f-f 

m2 A\zm-rsio\z. pa#-««:*«i^Htcj vds 

1 0 n m@S<^^ 1 y- b^»^ 1 3 5r?F^fi£-r -5>o » 1 

h fsmm. 1 3 jg^f^, ^aos jfes^ij xifvy-i 

,0 y ^ > i^^lff ic J: •) p 1 ±0— «5<D^1S 

<0|gl r- bi^mi 3 «rl^*1-*o ^Lr|112 5tr^ 
-r<t^t-> cvDfetci •}->-; a >g?fkK*««L, 5 

~ 1 0 nmm.i^<r>m2y- Yfmmi 4 tMi-S» ^ 

2^-hi^«imi 4®fiSt^, S3t:S«i3J:0'K7'fiy 
■?">^^^lftrJ:i)-ffl5O^iS<0j|2y- h^^l^l 4*- 

^W^atl±lO/h?v^v>J n^-g^klKtitftL. lOn 

m^mo^msY-yummi 5«rJi^fiiti-2.o issr- h 
20 m\zxf')-^<DmiA<Dm3Y-hmmmi 5im^-t 

i<75J:TicLT^iy- hifgiSfelll 3, ^2r-h 
*6#K1 4iJJ:0'Sl3 r- h«8^Kl 5 .<^ d *.<OiJ.->i: < 

[0 0 5 5\ ^^z. m2 7\z7r:tii^\z. pM^mi^m 

K-ytfeS 0-2 5 0 nmgS<!0^igB%v 'J 

mm L ;t ffe, j: -y f- > iri$.m izx*) 

^';-fe;i' h9 ve;;^^. mos hy^vx^-e^T.-PtL^ 

V - X ^lti5 i K U -f > fl^^i- ® J^c^ P M-7 

1 (omm<DfH 1 h«feiftM 13, m2y-h 

10 0 5 61 1212 8 iz^f J: T ic, MO S 1^ 7 > 

vX^'T r 1 -T r 7 ^W-WL-thm^y t Y WT. h 

itm 1 3 J: l/ie 3 y- Hffei^ll 1 5 J: •) ^ 2 y- b 
10 trnmi 4 0ity^>^^iSS/4^:*:iv^fc<0 5:flJffl1-So 
Z.<ri^ hx.-yf->{rizX ■t:J^ h 7 > vx 

4rJgJSt-S^iift<^l^2y- hlfiiNllilll 4 0iigI5*S*^fl*) 
(Ci-y-?^>^^L, «W1l«g?i^B£<73/>:*:)OSM 1 7*B 

^bm 1 3 J: C/ll 3 y- h ff&mm 1 5i'y') =1 >B'itm 
-effi/SL, tg2r- Hfi^m 4 4:v'J3>Mllr« 

^*fflv^ti.lfi:v^o 112 9 iz^t-j: ^ ic, p M 
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1 7i!^^^±^zmtf)iLttl&xn^zmm■r^o m^^rms 

Olzmmn\z, pa*«*»i:»«l^®lC*tLTR I E 

10 0 5 7] :^^m<om5<r>m:m<r>jfmizxtns. mm 
;^ "bSfimssf^ h 7 > V X ^ * -c^^^ittftsff 

nSMOS h 7>v;^^', pSMOS h7>'v;^^'**C 
S h9>v;^^'T r 1 - T r 7<Dr- hSS3l±ll-tj- 

-g-^p-li-f noi^i: u^etiBB^: f 7 > ^ Srft^-e # *o 
[0 0 5 8] {m&<r^m.m<r>Wm) 'k\z. :$:|§^<7)^6 

±lc^^1-^W«:^-rtwe*-&o 1213 Hi. 2{c%^<7? 

mm. S tL;'>:a^ -=6 <o ^ ^ -fc jf ^l-|ffSlI 
t?*;So El 3 l<75^ailtt^^'J i:l2I3 2 0»%'t4j'* 

[0 0 5 9] (A) 

b*6^mi 4<7)TOS(CI±mi51l«l4 (4 a. 4 

b) imm^iiho mzr- h^mmi ^iixvm^w 
mm 4 ±.\zim3 hi^i^mi ss-^Lry-hss 

3**|£tt'btL^.e y- hS^3<^ffi!I®JCl±^ftlll 6 t 

Slot, CcOn -Sfeffcll 0(75nffl(::fefi-r^iS^ 
3 ±i i t>*n +miLnm l l -f-^t-fixO^lBtcji^Sl 1 

[0 0 6 0] :^^m<r>^6<r>mm<ow^mAzmz>^m^fi. 

j<*'j<7)^-=e'j-t;n±, V - ;^ ^ii^ Jo J: cTKUi' >^jS 

«:®^*e!&sso n -ajEtfcs 1 0 ti^ypiummmo a 

+Mtd:ti:ei i -cfll^LTtL DDfl|jtS:;tL-rv>&o -5- 




^) , m2oY- hi^mi 4 (tfrae) ±jj:c;^^3<o 
r-nfeM^m 5 (±s) *'b«r«.=eflisi^-e«ifiE$ 

it. ^2y- hiffi^Ml 4<OMSgEfCliSitS««4 
(4 a. 4 b) **?^«$ix^c, C0 2o<omitfSfflS4 
aiJj:cr4 b(=m^«:||«L, -?-OW«4«c.^l± (1) « 
WSS/i4a, 4 b<Ov»Tn<)S^S-WLTv»«:v^^^ 
(2 ) mWISftl 4 a<7)*.7J^^^ SrirSLTV^-SiJc 

(3) m^wmm4 h(D^i^m.=f-iwmLr\,-i>iik 

10 (4) m#1l«S4 a, 4 b*USi=-^^ltLT(/» 

-S«S, <D4<><r>^Wii:t*)m^o C:<0 2o<OSW*« 
64 ai3j:c;f4 b tC'S^^ny::S^i??;^rte(C J: o t 
-J. L#v»'|iaffi<^Sg^b^Srf£1Hf#W "0 0", "0 
1", "10", "1 l"tcJt]Ec;§*4o S/i:, Z<Ojt^ 

<ofs.^<omm^m\z^^Lfj:\,^o Ltzt^-^x. swsft 

ig4 0S^<^)i§^J£lCJ:4iiM* (over-erase) liRSlh 

fmmm^mzm=i-imm-th c t -c, TSi5i^^tii«om 

30 3 , ISS-y-hiffii^Ill 5Srv'j3>i8fbM (S i 02 

mi <D2^m.w.<r>m'^m^^ti>i^')^>m.im (s i 

3N4m) -ciifigi-jtiir, v'; = >i?fb)l»i»:miPdu 

nm-l 1 nmSSw^f^lc^v^y- hi^if*|^?r^5eL 
m^-ei *o tz t xlf-> U 3 >KfkM^^)!II¥*«5 n 

mOvV =i>'aft:)l<7)||g]Hf(i 1 0 nmajS^r^O-e, 
(DT) aX'()ifS?n.'5:v>o L/ctJ^o 

-.0 [0 0 6 1] 2|c%^cD»6 0Slife<^?i^.®C'f^^^W^1± 

«J<oi«-JEiS]±(osflg-cn-as:tfe® r 0 Sristt, ldd 

T t J: v»o 1^2 r- hijfei^lii 1 4 »±mi^llf»^ 4 a - 4 

%^-thz.h±^'(^hho ttz. miY-vmrnmi 4\z 

50 ;ttx.lfT i 0 2. T a 2 O5, A 1 20 5 , P ZT, 
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SBTj1«*)*o 

[0 0 6 2] 'jcu, :$i^m<om6<r>mm<r>MB^~^iT- 
im^^xm^-t^o 13 3 3 (±. m^i^^ibi^iu^-ti 

^»%14>^-'J<OBf®lllT-*-5.o 03 41*, f^'iibfpSr 

(CHE) x-m^Fi: h'u^ >mMm<Dw.mwmm 

4 b V-;^^iaffl9<om^8fS«iS 4 b ICS^ 

±)i^<Dm^li> 0 3 4tc^1-J:Tlc, r-hGlc*mffi 
(- — 5V) 7 r -^T- • K>'^'f A (F 

N) mv>^^)\^m.mimmLxmm^^m4 a. 4b7»> 

V-XS. K U > D »i p 1 1 

(Floating) i:i-tulf. K U'f 

g4 b<7)<^^7>-e.m^-^5life< cit '{)artg-e*;i)o v- 

(c i± V - ;^ tziEmffi enJD t X K u 'f > * ^jS 

[0 0 6 3] ;>« ^ ';-bJK73#§ii;^^»±, ^ ■=& 'J -t^vcorl 

^tmwi. Fi^n.mi:m^Lxno^ti>x^i>o 

hGi:pM4^«'»SSlFfltcl 0 Vgjg«:EniDL, FN 

[0 0 6 4] ^ /c|gl^t±L'5:v»*», ■=& 'J -fe^K^iE^ai 

4r^^*D+*^i:Ttft)*i.^o 1W1?«S4 a. 4 b OS 

mvzwn~i.-?x'^-:^mi^. Kw-f 

ffl-t* "bo-cab 4 o v-;^s, KU'f >Dofc'*,f>i->'< 

S«^1-*tlf J: v»o mi^S«^ 4aiiJ:a'4b04 ooH 
«4>t^lcJ:-5T4oo||5:«.SSaf5^!if14**1t'5tt, -t 

[0 0 6 5] (B) 
0 3 2IC^1-J: 0 2ts:^^OlS6 0||iSO?g-^t-#* 

pS^if^^^Kl 0±®±.ic, 0 3 i<??^2y-h*fe^ 
4;ii^it«eag$*l.'i>o ^2r-h*e^^i 
4 0m«|l-l±, 0 3 1 <755F»%1±^*'; tR*ll, 




(12) 

mm4 (4 c, 4d) ;»^}^^^^^-^)3!>^ ^(r>m.^^mm 

4 c±3itr4 d**h >^-VP^Ii2 3 «:^LTpSi{5-S 

^"Jtli^^r^o ^ 2 y- h 1 4 iJ i C>-^WS« 

§4±-UI±^3y- h^l^l 5 i:ifLXY- hSgS 
A^Sfctfbaio y- hmS3 0fflffii::l±®?fbmi 6 

+ - ;l/ -9- 9 OTSBO p 1 0±® ic 

10 1 0 i:, CKOn-SffiSce 1 0Omit^fifii--i)?S^*fi 

i5 i tf n +at[£tici 1 1 ^iim<r>mmizii^^m 1 2 

[0 0 6 6] 2|s:f|?go»6 0|tifiOJi5.®»C^^}ffl1Sp« 
•=e»j<o^'=e'j-fc;n±, v - :^ satis i K u -f 
®:T:*ei*SiKO n -affitfc^ 1 0 t ;§/FM%igffiO r. 
aj£tiC^l l-C-Sfi!tL/>:LDDlijt«:*LTv^>So -f-L 

X. y-h^mim:i!lm2<oY-h1&mml 4. y>^^)v 
20 ^ 2 r- h 1 4 oM«S6t=t±m#ii«s 4 ts^jkbs 

$n*o C(0 2o<0«Wt«S4 c j3J:D'4 dHS^4r 
S«L, -?-<OSiBI^^^I± (1) S?fiS«e4 c, 4dO 
v»-rtLtS^Sr1l«LTv^5:v^4^t^, (2) 

4 c<73**?m?-tiiffiLrv>^,t^,^, (3) m^wmm 

'4 d<D^i!)m^i^^LX^^i>^m. (4)mW1l«P 
4 c, 4 d*Um^«:S«tTV»S4^S8, (r>4-0(Dim 
iJ^-So :i02oom#f«e4 ci3J;i/4 dic« 
W^tit:m.^(D:^MlzX^X±\:.i> Lb^'MW.S.co^it 

^iizm.mm<^' "oo\ - o i ■•, " i o " 1 1 -tc 

<D^xmi'0. mWS«8 4 0l;^-<7?|g«t>t^l-^Kff L 
aSTHS' lover-erase; 

14^^ 'J inmx^io mm^mm4i±cvDmzi:z> 

V <; =r vgfi:siof8liit6*i^mW«iij»e:i-m^ ^:S«1- 
^3'>'- hiigi^mi s^v'j 3>®f^bm (s i 
02M) <r>2mmm<ommmi^-ti>'y'}='>^im 
( s i 3 N 4^) f «^-rttif, -> u n ymm^nm, 
m*^4 nm~ 1 1 nmmm<r>$¥vnzm^''y- H«6^mSr 

50 7S*5 n mO-> 3 >gfbMO||S^EP»± 1 0 n rngKi: 
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10 0 6 7] :^^m<r>m6(r>mi&<owmizmi.mm^:* 

OiSta[fi]±<7)i^T-n-aj£tfc^ 1 0 «:I£ft, LDDS 

J:v'o «2y- hifgMSMl 4l±SWS«g4 c-4 d lo 

rao - * &]±i- ^ 3*^ t X. If V 'J 3 >®?f(:M-c« 

^ffymmmmum ffi]±-c # * » ^sisfkii t l t »± ;t 

tx(fTi02. Ta 205, Al 205> PZT. S 

[0 0 6 8J ^§im<7>m6<Dmm<r>^mjz^im^sf 

-elSfi£$ix, -f 5 ^'RAMtlg^S^T.-i) 1 0 0 n 
IPI±3 nmJii.Tt1-tL(ffi.v^o 3nnimTOv'J 

1 . 5 ammmmm^tm^^y- h^mmir^^Lxm 

f^lC(i^<Fp^a^:V^t#x.-i>o Z<DZ.tli. C.H-J.Wann 
?)tr J:oT1995IEDM digest p. 867lC^$tl-Cv>io 

v»o ffiWSfte4 cisi:V4 d<0 4o<olg||4^,^jzj: o 
T4 0W#|^:^SgiEe^#14;6J^f -S-tvlCj: 10 

o -t ;v -e 2 -y f il ?r fStg-c # * o 
10 0 7 01 :*:|&?g<7?^6«:0||ifeO?^^tc#^ 

XL.'Srtttilf, ii-^coMOS t LTtdf^g 

10 0 7 1] (c) ^m^ii.isivm^itm.m^'evff) 




mm4 aaxwrni 475^115 2 i:m^'xmm-ti>o m 

3 57bmm4 3I±, :*:«^«)|^6<7)||jSO®StZ'K*;F 

sait:^^ Sr ^i-BrffiH T- ^, ^ o 
[0 0 7 2] *r03 5*J:Uf|a4 4JC^^J:^tc, p 

itmimmt. 1 0 nmgiS(^^l r- 3Sr 

3gfiEt-2.o ig 1 r- h^ig 1 3 m^^k. m3 5 <DK-m 

0 4 4 offl ^ '7 jg^^iswi^ 1 y- y mmm 1 3 

rmzx y)^^-t^o LtzHi^^x^ m 1 <r>r- h^mm 

1 3 (±111 3 5<D:^m^j^'e^)m^mi^<o^izm^^ti 

ix.lf J VD&-CfTTo 

[0 0 7 31 03 6iiJ:i/|214 5»c^1-J;t ic, 

C V D&tc J: •} V"; 3 >Kifc)li4: p S#^fl:|6« 1 ^ffi 
tcJt«t. 5 - 1 0 n mgS<73^ 2 h 4 

->'; n^MfklKSrJtmL,. 1 0 nmM(?)^3r- H6 

btw^m-tio mm. 03 6<o:^»«te;<^'j3g 

figMi^lcl±m, ||2i3j:D>*^3<0->'- h$6«Kl 3, 
14. 1 5 3&*Jg^$tt, 12 4 5tOJi^>^';?gfi£S^ 

tci±ll2±}J:i;^^3'r- h*gii^ig[i 4, i5*J?gjiS;$n 

'So 

[0 0 7 4] ^^.z. 12 3 7i5J:yfI214 6 HS^1-J:^tc, 
pM#^^^*«l^B(:LPCVDffilCJ: i) nMSTtIi 
pli:^*ftt»4r K-yL^:5 0-2 5 0 Timmnt<n^m^B 

v>Ty- hm«l3^rv7,i^i:Lt:, E 3 7 

BS;i--s^i^<7)pa4^i:#:*«i <o«®<7)ii 1 y- h*6# 
His, m2Y-y^^mml Ai=xvm3y- v^s^mw. 

1 5 ^rSej^^fiUtC h'T-f i-yf-^i^i-^o --n. 04 
6 <0»fH4> * 'J 3gfiitSi«-CI±, ^ 2 r- h i^i^m 1 4 

[0 0 7 5] >k\z. 0 3 8±3i:t>'0 4 7 ic^-fj: ^ ic, 

1 7 (±, j^i r- hss^kiii 3iixvm3Y- vmmm 

1 5 i ») ^112^- hJg^Ml 4<D:^y^>irmm^± 
^\^^:^y^>ifWLi:m^^xm2Y- Ym.mmi 4 0^SB 

3 8 W^»%ttp{*'mfi!tlii^<OS#1l«S?i^fi£c^;^:46 
O^M 1 7 iJ i O>'0 4 7 toamtt^ * U JfMIBi^<7)mW 

isnmw^iSL(ntz>b(o^^i 7i±isiB#tcff^^gn-&o 

^0#^6<^||ife«0ff^®-ei±. 1^1 hSSfklKl 3*JJ: 
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(14) 



1/^3^-1- &mm 1 5 sr -> 3 >m.itm-cm^ m 

[0 0 7 61 '^U, @3 9i5J:tr0 4 8 tzS^I" i T tc , 
[0 0 7 71 ^JclC, (2 4 0±J J:CKia4 9 ica^-f-J: "9 IC, 

p m^^f'^&WL 1 ^ffi L p c V D Sic J: ») swisasg 

•C, 0 4 liJiW^HS 0 J:-7tr, pS^S-ft^^ 

SI 4 (4a. 4b, 4c. 4d) i:m^liZM^-ti>o 
[0 0 7 81 ^JclC. 12 4 2*3^0*13 5 1 Ic^tJ:^ IC. 

p 1 ^® i-ssftm 1 6 im^ttztk. 

1 0li'r^>aAg[?ei;J:'9y-bmffi3?r-7^^'i:L 

[0 0 7 9] 'k^t. m 4 3 is <fc CKH 5 2 Ic^tJ: ^ 
y- YW^3(r>mM\^^^ K'i' 9-9 ^rJ^fiS; 

iJiO'-^'f K'>*-J^:^^-■9-9^r•7;^, ^' t LTnS^ 

[0 0 8 0] -g-LT. pM^^^-B^^SK^^ffil-CVD 

h^S3i3j:U>'n+ai£tS:§ 1 1 ^n-^ixiTJ^ffiCl^Sfc 

i3 i CKEI 3 2 tc^ L fzm^^^ ^ 'J fiO * U •fe;i'«iS*« 
[0 0 8 1 ] (g^l±L'5:V^7jt, m 3 1 J: I/EI 3 

SI?-aD^:^»§l'tt^ ^ is J: ^ 'J SrS«U;t: 

[0 0 8 2] ::.?? J: T tr2p:%^(;)^6|liS<0?i?®-Cli, 
mW1l«®4 (4a. 4b. 4c. 4d) iY-Y 



L/c7»«oT, 1113 li;J:?/lll3 2«0>-t'J-t;wb7>v 
'J *^S«-e§^><, If-;/ fJ-T^-t^uffiffiliiS^t 

[0 0 8 31 4 <0-f :t-;uft*|fi]<0<iSI±, p 

m^^i^&^ 1 . IS 1 y- Mfe^flS I 3isXl/m3V- 

hi&mmi 5 i:^2y- 4(DJ^-y^>ir^m. 

LX. SW1l«^4Wli^2y-.h^6^Kl 4m:oT 

KP-f >1ii^, y-hS®3isJ:l>'-?"-V7^;l'^Ja'^\ 

f,l±. ^l<^*e^^l 3 , h >?oP«^M2 3, ^3 
5iiJ:f;^fl:Ml 6UJ:^T^^I-I6^?ix* 

tt>><-=t'J 4:att-C§io aWS«S4l±y- bS@30 

[0 0 8 41 ■ti;Hfiii±ii'^<oCMOSIgf 
;SBrti-c**o-c, BE^wstit^w' Lifts ;^ h 

[0 0 8 51 ^"iic, ±fe<0^»^14j<*'J tS^Itt;* 
[0 0 8 61 ^J:ii> :i^^m<r>m 6 <r>mM<D^BXli. » 

ly- hi^mi 3«rv'j 3>^"fkii> ^2 y- 

1^1 4 4-v'; =r>KfkllI. ^3y- h^^Bil 5 ?:->'; 
3>Mfb)iS-C«fi!cLt:v>^**, ^ 1 y- h^fe^m 3 

V "J 3 y^^bjm. ^ 2 y- hi^iK 1 4 «r V 'J 3 >aft 
igs. m3y-hffk!^mi5i:'y'}^>mmxm^Lx 

40 ta-v^o ::co^§-&yL-i:x.lf. m y- h*6#BS 1 3 l± p 
a-¥-*#:*=K 1 Sr/^gSfbL-^w 1 0 n mgSW v 'J 3 >gg 
<bm-C«fi!4i-«.o ^2y- FMMfel^l 4I± J VDfelcJ: 
»3 it® Ltz5~-1 On mgJK <0S#1gllt^:'3 £0®v^ v >; 

3>sfbiii-e«jst^<, ^3y- hfg^Bii 5;±cvD- 
mzx ^mmLfzi o nmm&<o'y^)='>mtmxmm 

-rnidr^v^o tfz. SWS«>S3^fi!EW7t*0^ra 1 7 0 
?i^fiSi±. ig 1 y- b®?^bM 1 3 is J: D-*^ 3 y- h^^K 
1 5 Sr v'J 3 vm^kBI-C-mfiS: t . §1 2 y- h «6^81 1 4 
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[0 0 8 7] (m7(r>Mm<r>jfm) -^t-. ^^m<r>m7 

[0 0 8 81 0 5 4»c^i-J:TU, i<OlS 7 <0|tite<r)?g 

mm3-A^wfhii?>o r- h«S3<ofiijffitciiKffcmi 

■y-'f K + --9- 9 OTSeOp 1<0 

ffitis lot. z<Dn -mmm 1 0 (omHz^mi-i> 

!eS^*l!t)«JS<^ n +Mi£t!te 1 1 **IS»tP.tL*o r- h 

mi 2 75*^»t'^tv*o 

[0 0 8 9] :$:|l^<^^,7 0||it<0?g^tc^*»5ltt^ 

fi^iMlifeiSJSO n -Sffitfcg 1 0 t JS^$«!fe^SO n + 
mi&n^l l-Clifi!oL7^^LDD«ii^:*L-Cv^*o t 

«6i^iii2 3 t^4r- vi^mm2 4oraici±Sii?ii«« 

4 e*fg£fi$n-So ^0||#||«S4 eizmi-irWm 

^4r- hif£^M2 4i'>').^>mm (S i 

(S i 3N4Si) TlSfifci-nif, v'J nv^-fkligm^ll 
Jl35f4 nm~ 1 1 n mSJS<^l^'^lcS?v>y- hJg^HSr 

35*5 nmOvU 3>MfkJiO||gll»l± 1 0 nmgJSi: 




<OT-, jt^hv^-;!/ (DT) ffiA<)^fe$ir5:v^o L/c 

[0 0 9 01 ^^m<om7 (o^i&o)jfmAz^^i>m^^j( 

U -f > «jt-C V - ;^ J: K U -r > «r «^S£ L -C 
10 «{> J: v»o 

[0 0 9 11 :^mm<ons7 (r>mii&<r>mBAZ'9^i>mfti^^ 

2 3*EBLTv>^o yy^)yii^^2 3^tw.m}■y^- 
v>ir■BIm^J:!mi^i■&mm<r)'y')=l>mmxmH^. 

^tl. ->'^'RAMlcS*$ti-£> 1 0 0 n sJ':iT 

H 2 3 4: v'J a vK^kPT'^flg L tL-^I^, 3 
nmJJlTi:1-ft»ffi:V»o 3 n m£]LT<0 v 'J a 

ftJiT'«fi£i-ixif, -> 3 ymm^n^mt' i . 5 n 
[0 0 9 2] :^§km<r>m 7 (Dmm<7)Mm\z^^z> 

1^. a't<^M0Sh9>'y;^^'i:Lrii;f^g-^-&:ii;'() 

[0 0 9 3] '^(C, *II^W^7 05life03g®lc#47F 

ffi^rias 575512! 6 2i3J:C;'l!6 3 7 0 €:fflv^r 

gi^-f-So 0 5 57I;MEI6 2 »±, :*:|§^0^ 7 <7?||M<73 

30 mmizmi>yfmft^^'^')<^9ki&:f3mimirmmm. m 

6 3 Jbmm 7 0 Ji, :$:5&igco^ 7 (Dmmnj^miz^im 
> * "J (OS!iii:*rfe t ^1- »f ® O -c $) o 

[0 0 9 4] Sfia 5 5*5^0^11.6 3 ic^i- J: T ic, p 
fbM^Jft^L. 1 0 nmgJKco^ 1 y- h^^mi 3 

CVDfeCil? '>U3>KfkmS:JttfllL. 5-10 

nmgS<0^2 y- b^^Ml 4 ^rffM-T^o ^v^T J 

«Ls 1 0 nmgEO^sy- bi^iiSMl 5 *?KfiEi- 

[0 0 9 5] ^fcic, 0 5 6i3J:Dfl2i6 4 JCi^i" J: 9 l^, 
piJ4i-»^$»«l^®lwLPCVDffilcJ: 15 nMi;t:(i 
p m^lfii.^ ih'--fLf.z 5 0 -2 50n mgJS<7?|^^B^a 
-> 'J 3 >M «• U tz^. 0 5 6 <^7r:»l&'tt ^ * V Ji^^ 
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13, ^2^- hmmmi 4isxu'm3r- h^mmi 
mm 1 5 i±-r'<Tisg* $ a. p a4^»«;^« i mm*m 

[0 0 9 61 .^J^U, 0 5 HZ^-tXniZ, ^m^^"^ 
lliS<7)}f^^-CI±, W. 1 hiSfkm 1 3 J: 3 r- 

hiffe^M 1 5 * V >; 3 >gfkil-e«ja ^ 2 y- h^s 

iiiii 1 4 4: -> 3 ymm.-^mwL L ^ v» ^ WT-, -y -J^ 

[0 0 9 7] J>:tc, 13 5 8 J: 0^0 6 6tc^-tJ:^ir, 
p a-¥^*^S« 1 t X. If R T 0 & tc i 1) ICiiijg 

2 3 *Ji^d£i--5o h >*;Hte^2 3?^«f^, pS^^ 
1 ^BU L P C V DSi: i »3 mW#«SI:t»<')Sv^ 

V 'J 3 ^M-fbn 1 8 ^'m.-f^o -<^B#, 

^<r>t:itt3<r>^^i 1 7 7Jf->U 3>E<tMl 8 tcio-c^^ 
Ka*iiStv*o ■f-L.r, HIS 9 1c^1-J:tic, :^tl% 

pa#-Si$*«i^®icitLT 

R I Eic<t -5)^:^14^7 f->'^^=Srfi^>'\ mWS«t6^J<^ 
iSv» -> >J 3 >M-fkM 1 8 -CftfiK g *i.fcaitS«« 4 ( 4 
a, 4 b) S:?i^fiici-4o 0 6 7 <0}il&1±p« ^ U 

[0 0 9 81 v'J 3>SftKl 8«?X7-?^>^^*?-7ffe, 
pa#-^fli»«l^Bt;'>U3>KfkmSrii«t, #k4 

y- h«gji^l!I2 4 tm^t^o -w-e, 0 5 9<7):f:»ll 
14^ ^ 'J J^mm^(r>f(i 4 y- b i^i^ll 2 4 lil^* 5 ^^ 

h U -y':^ h -CSvv 0 5 9 o;r:»5iapf ^ 'J Ji^fife^i^lz 
Jt«?ti.;tf^4y- Hteil»liI2 4 S:xyf->i^i-«,;: t 

[0 0 9 91 ^feU, 06 8U3^i-J:dU, pffl^«fli« 
«1 ^ffilcL P C VDSUi naf;'^l±pa^*«i|*«r 
K-^L^tS 0- 2 5 0 nmeKO^^ta^BvU 3>l^t 




3 a mmtho m^^XY- hM3 aSrX yf^>i^v 

^Mco p m^^ii^&Wi 1 oSffio h > 2 3 , 

^iSf^«S4 eiiXV^AY- hffi^M2 4 ^rifiS^ 

@i^-C»±, 06 OU^^-fi^t-, #Sb^v'; ^>M^:-r 
'<TIS^*L-C<,A^'»L, Y-hmUSlZ'tiy-^X/^ir- 

[ 0 1 0 01 0 6 laxzfme 9izmirxoc. 
10 p m^mi^m^ i ^si-ssfkii i e ij^&Lfzik. &^ 
m!imt<o n -aiEi&ii i o S:M-r-&o n -ai£Ste 

1 0^i^:i■>mXi^mlzX*)Y- hm.m3 i-rT.i't L 

/c^i^ife ^-fsttfb-r -Bit -cjg^i-* o 

[0 1 0 11 0 6 2iJJ:tf0 7 Otc^l-i^tc , 

L^>:f^, i^/FifttlitSO n +fflS£t!c§ 1 1 ^rff^^-T^o 

xi+mtmrni i\t^-^>^xim\zs:y)Y-YnM2 

[01021 pM^^fr^SlOikffitcCVDS 

;w h'ifOigJlfc.iir^JSmtliWL. SIv^T, pa^S# 

w.m3mva +aa:ftfcJi 1 1 -ea-r^ro*® n?sia* 
&jgy u-^>r K-ciifiit^tts^ms 1 2 ^m^t^o m 
mm 1 2Ymk. ±My^x^<n^i^\zn.'^tz^duz^<r>%m 

.^.^m. i ^^i-tH£. 0 5 3 izm U * V is 
30 J: i;f0 5 4 i,zm L tzm^J^ ^V<Oji^^) ■fe;H»jt**^ 

[0 10 31 S^liL^rV-"**, 0 5 3*5^0*0 5 4 <?, 

[0 10 41 :$i^m(Df^7<omm<ow^m,x-ii. miY- 
hi&mm 1 3 4r V 'J 3 >mim. m2Y-h mmm 1 4 
40 -> 'J 3 vKftm, ^ 3 y- h ^s^^ 1 5 ^ V 'J 3>g 

fbll-C«^Lrv»-i,:i*, m y- hi^lll 3 Srv'J 3 
Vgf-fbffil, «^ 2 y- b iffii^M 1 4 S: V V 3 vSfblli, «S 

3y- h«§#^l 5 ?rv'; 3>-^fbK-Clifi!(;LT?{>^ 

v>o z(Dm^rztx.\£. ^iY-\-mmmi3{±pm^ 

1 ^rlSi^fb L;<: 1 0 n mga<7>-> U 3 >®?fbm 
■Cfl|«i-4o ^2y- bifgi^Hl 4I±J VDSlCilJJi 

« L 5 ~ 1 0 n mSJS<7)S#1llttg^J<^fg:''' v 'J 3 > 

M{t^-eitfiS;i-;&o ^3 y- h^fe^M i 5 i±c VDffiic 

J: iJltfltL/w 1 0 n mSJSco V 'J 3 >®SibBit:-»fi£1-tL 
so {f^v^o «?ffllfil^3FM<7)^c*i)OSmi 7<^ffM 
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-> 'J 3 >mim-C'm^ l, f& 2 y- h tmm 1 4 «: -> 

[0 10 5] :^^m<r>m6iixif^7<Dmt&<r>mm-C' 

[0106] (^8 <7)mm<oMm) ^^m(r>m s 

(S.Ogura. 1998IEDM.P987, *B#ffl=#-f-|S 5 7 8 0 3 
4 l-f") o .LTi^L^TTi^c,, c:<offi*-CI±, yn-x-f > 

[0 10 7] 0 7 111, :^^mnmi<omM<oim\z% 
i> ^m^^m^ j« ^ 'J CO ^ ^ y -fe )vm^ ifni-mmm 

««^J*A3ia^<Offil±«rE-5'{)<^-C*io 0 7 1 
J:-9 IZ, CO^^'j-tJUlnSMO S K =7^7.9-0:% 
«$n-2>o ::<ol^8 0|life<ojf^^ic#-5^*«; 

■t;K7)«it-C(±, pa*»^*S«l f^SStwl^ 1 r- h 
MiMliMl 3 i^Lxm2r- hf^mi 43J»SS:^t<^^^ 
*o ^2r-hjfe#Ml 4 0Mffll-tiSi^1l«S4 a, 

[0 10 8] ^h\z. :^ftm,(om8<D%m<r>mmAz^^^ 

•) , P 1 F^OS^ offi:a:&|fi] USi^SSf® 




[0 10 9] ^^m(nMs8<r>nm<r>ifmizm^7[zm§m 

>ffilt^rfi^*4!fei^SOn -atetfcS 1 0 t i^/f^J-Et/it 
SO n 1 lT-Sfi£L/^LDD«itt^LTv^ 
-E-LT, y- hi»i^^*f|Siy- hlfe^Ml 3 (T 

B) , ^2y-hi^^Mi4 i'pmm) i^it^'^sr- 
hifg^Kis (±^) ^-(,fj:^3mmmmx'mi&^ii. 

^2Y- hi^Hl 4£OM®gBUI±m#S«§4 aiiJ: 
10 0^4 b;if^^?ix*„ C:02oOS#S«§4 afciC/f 

4bicm^«:saL, -f-<^ii«^si4 (1) m??fii«e 

4 a, 4 bOv^-f ti.^)i:^5r||StLT>/^^v^^^.^, 

(2) «it1l«^4 atO*75>*S^4r1l«L-t:v^^,4^cig, 

(3) Siilf*«S4 b<0<^^5i*E^«:#«LTv>SR«, 

(4) m^mmmAz. 4 b*{cs^^^igLTv^*« 

ai5J:tr4 b{c«#$it/wl;^<0WteUJ: oT^I^^J, L 
§ v»^itSEW^fk^4:l2tH«»<^ "00", "01", 
"10", "1 l"{c*tlD$-^*c C<7)>^ i;-t;i/ 

20 «dtt?(4miSfS®B 4 a , 4 b{4^^?-;w^lt«gi50± 

4 a, 4 b<7)^^(^)1l«tfe.«U'Bc#L'S:v^o 
T, IS#S«14 a, 4 b<!0^^<7)M^JE»cJ:^iiM* 
(over-erase) {4R*ili$*x, -?-ttU J: •) iiM^l-SHt- 

ssii-c^io mir- hi^mmi 3, ^sy- 

hi^ii^S 1 5 $r -> 'J 3 (S i O 2 M) W 2 

«<7>g|«^^;g-r*v'J 3>£fbll (S i 3N4m) -c 

m&ttiti. 'yv='>mmm»mmi!)U nm~ 1 1 n 

mmmm^i^izm^'r- hi^mm^'S^Lxnm.x^ 

>&im(o^smmii i o n mss^o-e, e« h 

)\^ (DT) aX'{>ljl^$n^:V»„ L^-**oT, S^-Ofi 

[0 1 1 0] :$:%^0^8 0**S<^f^,^lC'(^^^}fll14 
iji-^-ft:^ ^ i; (0 p< ^ >; -t }i^X 14, V - 7. fli^ja J: O' K b 
^ >Ml^<OiiitE[fi]±(75gS<j-C n -MStlfcl 1 0 Srgfclt, 
LDD«jiS:«fiELTV>^;it, v > ^^7W K U 'f 
50 ^^y;v K >«igT- V - ^ ^1*^ ± t>* K H" ^fBi** 
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a - 4 b ra<?) im^irZ>i>K tz t v 'J ^ >K 

\ ^r^-^mm.mi^-ti>^mmmim^^fns. ^^^^ 

LX\ttzb^{ST i02> Ta205, Al 2O5. P 

10 1 1 U 2|!:%^<75^8(7)^iS(0?f^.^T-li. 

10 1 121 •^t;^ *%^«0^8<73^*SCOB®(C^^:^ 
Jf^-tt^ U Oliftllov^TEl 7 2 ii J: Vm 7 3 ir^v» 

i,^^m^'&.;< ^'}<r>mmX'hi>o 127 2tc:^1-J: ^ 

gjS> KU'i'>Dtc4~5vgs«--5-*L-rti.eniraL, v 

(CHE) TS^-S: KU"f >^itlBJ<^mffi=1l«S 
4 buaA-r^o ^^^■>;HS1^2 51CSM2 6 S:^it/>: 
d t -C. S^<0f[a:&|6]JcSWII«^ 4 b tCfiM LTV> 

ia^wi7i«-C#^o v-x^^ffliJomi?fll«^4 a tell 

:^r, >^>J -fcJK7?M*t±, 0 7 3 Ic^-t-J: T tc. r- Y 
GizM'^S. (--5 V) SrepiDL, ^r-:?? - • ^ ;P K 
/N-f A (FN) Mh>^;i'«SiE*¥'JfflLriEWS«f«4 . 

a, 4 b>6^<bm?-^?l§ft< -i:-e^f^^^;5,o r 

*»-e#*o c:«7?«-S-> v-;^S, KU-rvDJipl!^^ 

;^S«:r?Mfi (Floating) i:1-tL»f. KU-ODHJco 
-So v-;^S11<0SWS«^4 b<?)<^r.7j»C5m^*5l§tfe 

[0 113] i/cH^llL^v^Ti*, ji^V-t)V<Dm^B 
?:^*Pi--5^i:-ceT*3tv*o mWS«S4 a, 4 b 

«ttS(-J:oT4o<75^ir4mgEm3ii|f1±:6«»P>a. 




1 01 1 4J *^l?<Ot^8<0|life<^JgSC«4:T^ 
■aStt^^^'Jco^^ ';-t;K7?iSiS:^S?r[a7 4 7iSlll8 
2 ^fflv^Tgi^t'J.o S-fl2i7 4H:^-riT|-, ^^r?- 

->2 7«:, pS*ieflt*«l±»^?^^1-*o -^LT, 
117 StC/T^I-iTlc, x.tfR I EffilcioT, pM 
^mi^m^l i^y ^> i^-t & ^ tX. S^2 6 

L> 1 0 nmgJt<^SIl y- ^^^K1 3 ^fM1--5.o 

jvDmxn^o n^iy-hii&mi^i sm^^. cvd 

&(CJ: f)->U3>mfbl^tift«L, 5-10 nmSJ¥T> 
^2y- h^^^l 4 ?:?^^i--So ^v^r J VD&U ■ 

nm@Jg<^#P3r- hife^l^l 5 «-5i^tfe-rs, 
[0 1 1 6] 117 7 l-:^i-J: ^ IC. p a^t^ig^iS 

20 «likffil-LPC VDftlcJ: RMtfziipmT-^^i 
K-y Lfc 5 0 ~- 2 5 0 n m«J$<:0#-^B^B v ^ >MS: 
it®L/j^, nilt^misXV^y^>{rtXm\ZX*)^<ir 

Sg3 5:-r;?.j>' t LT V -;^IIi*iJ J: t>' K U -f >Mlt$r 

jKE-t'i.MJ^o p m.^^'^&m. 1 ^o^ffioii 1 y- h 

i^BSl 3, miY- hitei^mi 4i5J:t;'Sl3y- blfeiSi 

[0 117] '^IC. [217 8 \Z7^-ti. n \Z. ^i^lffigJI^ 
fig^7^cit)<02£H 1 7 4rffM1-*o C<0^W1 7(±^ ^1 
30 r- hSSfblgil 3iiil/^3 r- hitei^BIl 5 J: •) 

2y- h^lSl 4 0i-;'^>^^iSK:d^:^#v^x-y-f-> 

y?s«rfflv^-c^2y- Y^mmi 'i<D^%^'mm\^ " ' 

ll*feOJ^ST?l±, H 1 y- h Kftm 1 3 iJ i 3 y- 

^Ml 4Srv'J 3 V^ftlK-C«fiS;LTV^-&CD-C. J^-yf- 

Tt. Sii5SflfgJl^«<^;t«!)<o^Bl 7i±, J^yi->iriSL 
im^^tz'^Ji-y y:i-y^>Ymz^^X}iFif:M-^ij 
<o ifxim^-^fz-fy:^-^Vy-(:^yf->V^XW^^LX^ 

10 1 1 81 El? 9tc^i-J:Tlc, pM#-«fl:afe 

« 1 ^m\z L P C V Dfttc J: SWS«t6:^J<0i^v> v V 
=1 >Sftll 1 8 S-mWS«®?l^*<^;t AO^W 1 7 
^lcait>2,*ix4J:^lwJt«1-So -S-LT, 12 8 Oi:^ 
■ti.n\z. pS!^3J«:2£«l^ffilc*^LTR I EtcJ:& 

M^kM-C-ltfiK ^ 4 a iJ J: t>*4 b Srf^fiStl- 

so (0 1 1 9] '^tc, 128 ncS^i-J:^ tc, pSf^flc^ 
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(19) 

[0 12 01 0 8 2\z^-rx^\z. Y- hm^s 

10 12 U pM4^#^*:*«l<0ikMt-CVDffi 

v.m3i5XVn+miiLWLmi i-tti^tiommiz-^Mi^. 
1 2?^^f^. ±mi:m(Dmmzm'^tz^Ri:c^<7)^m 

101221 Jfiris,' HS^JiL.'SrV*;!*, ia7 1<0^^';-t 

[0 12 31 coiotc. :^^m<^msmm<Dmmx 

[0 12 41 tf^, i:it¥«l4 ai3J:C/'4 bOf-^^v 

mvj^y^ v.mWKopssic X o r sir tcfttjiip-e § 

*o -?-tL(cJ:>), 4 3*5^0^4 b t*mic@E 

fl-e§So -g-LT, l:it#«^4 a t 4 bl±^2r- b « 

1 4 a i: 1 4 bMOffiSf^ffllifeC: ib^v^o $ 
"bK, 'Siff1g|te4 ai5J:Of4 b(±v-;^M«, KU-f 
I'lil^, y- hmS3i3J:0'^-v:t>;i'S^3j-<bi±mo 

bay- h 3 (DiQU-A^ f- -v ^- i,zm^ L 

A'mi^m<om^<^n.^m9^wnz ± o -c ^ * u -t ;kos «. 




S:fr|S](Dftg«-|JI#*T^/M-iUf, J: »3 a^ir^Fti^ 
[0 12 51 ^ibU, -fc;i'«iiliii't<0CMOSIgT- 

^^iz^w^mx'$>i,<r>v. m^<owiMy^>immL 

[0 12 61 -J-LT. :*:%EB<0|^8<7)*iS<^?i^S-C(±. 

[01271 (^9(DMm<nj^m >kiz. z^^moyms 
<onM<Dmmizo\,^xm^-t^o ^^m(7)m9(Dnm<7> 
mmii. ±mff)m8<r>mtk<Dmmizii\,^x^ mi i<om 
mmmm4 atn^mmm4hmizsLm.^*itz^2(r>m. 

mmi 4 i^Wt L. 2oco^i^1l«S4 aisXl/i b 
^<l:?-fr/^«fiS:*$tJoTv^^o liI8 3{±. :^^m<r> 

•fe;i'Sjt«-^-tifMl2ir**o HIS 3 cg^i-i^u, 

«S 4 a , 4b. iJ i t>'^ 2 Offi^m 1 4 tCj^xT. S 

[0 12 81 ^fetc, *f6^«^)^^9<?>IIJfeO?gSU-e^-5:=F 
»IS14^*V(^^*';-tr;K?)SSS:^ft?:llI8 4 75SEI8 
9 Srfflv^TSiW-r^o ±ffiO^8O^iS«0?f$^t|Bl#, 

^^»«l±lc?fM-t-So -?-LT. 1218 5lc^1-iTH. 

[0 1 2 91 128 6U^1-J:^H, pS!*««f3l 

L, 1 0 nmSSO^l r- hiffiiifelll 3 ^Ji^fiEt-'i.o 

J vDfe-cffoo ir- hipfeismi 3?gfiS:^., lpc 

5-1 0 nmmmMm-t^o Mv>T J VDfelcJ: 

[01301 >XK. m87 ic^t i T {i, p 
«l^ffli:L PC VDffitC J: »5 nSS/Jli pS^Mt/?: 
K- 7* L 5 0 - 2 5 0 n m«itO#^a^a -> V n 
ift« L /.-m, S jfeS*l5is J: crx 7 -J^ :^ ^^ft^lftc J: •) 

J^fi!4l-'5^ia<Opl!-t-«fi^^l<^^®«0^1 r- bite 
[0 1 3 11 ^feU, laS 8tc3^-rj:Ttc. pl!*5»f*:» 

WLi'km\zmmi &^w^m.Ltz^. m^mo\ikBi<r>vi 
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(20) 



-mmm 1 0 iM^i-^c a -MitWLm i o li-r > 

10 13 2] '^ic, 12 8 9\z^-ri.^\z^ y- i-mss 
*eJB9BiJK<^> n +miLmm 1 1 imm-ti^ n.+MJttfce 

[0 13 3] pa#-»#»«l<^^ffiirC VDS 

»S 1 «r^fg14#a$t*-C|»tJfl.Si-4 C t Iw J: ») r- b 

H^Si^'iy^n+Mtettll I -irtimff^mmiz-^M!^. 
^Jgv>;-9-'f K-C«l£$ix|.$S«l 2«:B^1-4o # 

*^J|| i Bfe*-rnif , la 8 3 L ^ ^ >J -b^wS^t** 

[0 13 4] '5:i5, I2^I±L5:V>;5J, |iI8 3<O^^U-t 

^<^ii'^<?)CMOS®iSXgS:Jll^MT, 

[0 13 5] (Sll 0 HiSW?^®) ^fetc, 3fc||^(0^ 
1 0<^3lifeoJi^Sglcov^-CSiW-t«.o 1219 O i±, 3js:^eg 
co^l 0c7)||JfecOJgSlc«;5^ffl^14-i|£-S*^^^';<^^ 
*'J-t;l'«ii«:^1-Sfi5lll-C**o ±ia<^^8iiJ:cr^ 

tcail«:S!:ft4 tO-C*)*o -e-LT, CK^^l OcOHife 
[0 13 6] 1219 OU^I-iTt-. ClO^-t'J -t;nip 

HMOS h 7 >-:^x^-c«^$n.^c -e-L-c, roni 

0(7?||Sfe<75f^^lCiS^P<*'J-tJK7)^Sit-CI±. tiai}£-« 

OMJStc(±a#1g«©4 a. 4 b7J*JfM$ix;5>o ^2r 
- Vmmmi 4i5J:cr«W1l««4,a. 4 biilCI±^3 
hi^#)ll 5«:^LTy- hmm3**l£ttCj^x-5.o 
r- bSS3^1llJ®Ut±K<kill 6*:ft-LT-9-'(' K'i'* 
9 A^^lfbtL, ClcD-ti' K-t? + -;^:^'^- 
^^9<75TSR<75nl!4^^»ff*ffil 9UI±, •f-'V^WPfi^H 

Sf-r-5.<g:^*^i^jiS<^p-ai£t{c® 2 0 i:> zff)p-m 
mm 2 0 <o4^iiufi:gi-*iajJFM!B^ift)S<o p +i!Mtfc 



§2 1**8^1^^*1*0 hS€3iiJ:t;fp+a!S:tS:g 
2 l-^ti-^ixn$miziimn.mi 2*»IS:»te)ix4o 
[0 1 3 71 3ji:f|?g«)|S 1 Q<Dmm<omBiz% 

, pa*»{i^*«irt<oSi^o®:a:^i6ium^?ll«S 

[0 13 8] :^^m<Dmi o<Dmm<r>mBizw^^^-mm 

Ji]g<^p+aii£^«2 lT-«^L/cLDD«ii^;&L-C 

(TS) ig2y- hipyiiii 4 m.xf%z 

y-hi»ISMl5 *»c><i:-5.3^«SMT'«^^* 

^ 2 y- hite^M 1 4 <oM«a5ic(±mi?f^«8 4 ' 

iJ i 4 b :6*fM 3^ tL-So 2 O<0^i5^«§ 4 a 
J: 0^4 bHS^^4#«L, -?-<^S«^^!^li (1) mWIS 
«14 a, 4 b<OV>-rn'bS^Srll«LTv^i:v^t>c^., 
20 (2) «W1I«§4 a<7)^**^^«-l«LTV^-5,tfcS, 

(3) mW1S«§4 b<^*;4*^^«rl«UTv^-i>^^.^., 

(4) «W1I»§4 a, 4 b*lcm^t1l«UTV»&t>t 
<0 4O(^i^c^.?:i: »3#*o CO 2 -o«omW1g«S 4 

§ v^-jtmiEofe-fb^Srifitiifiio " 0 0 \ " o i \ 
"10", "1 i"U*tt&$-**o ::<7)j<*'j-fe;w 
S3t-etimW^«e 4 a. 4 b(S^-\'7^;i'®i^Sga50Ji 

30 4 a, 4 b<OS^<^SII4^Bt-iK?f L^JV^o L7t*to 
-C, IIW*«^4 a, 4 bom^<7)3i;FJ£UJ:*3©M^. 
(over-erase) l±E&jt$tL, -^ixU J: ») jirB*USB> ' 

'J immx^i>o mWS«14 ai3J;CF4 bl± 
C V D&U J: *mWII«fig^)«OAv» y 'J 3 ^M-fbMf IS 

izn,^iwmir^ztx\ TBmmm(^mnizmmi^ 
laitf^So ^'ot:, «si y- hiifeiiimi 3, fssr- 

hiffiiSill 1 5 S: y 'J 3 >®S<kll ( S i 0 2 H) <75 2 ^tg 
S<75^m??S-W1--&y UnvgftIS (S i 3N4m) X 
m^ttH£. y >; 3 >SSfkm^»MiP7iU n m~ 1 1 n 

;ttx.f^y 'J ^v^fbUJ^I^M^Ti^S nm<75y rr. 
>afl:)KO|tKpi¥(± 1 0 n mSKircO-e, it^ h > 7- 
(DT) -aXtSISi^tlirv^o Lfc^^oT, m^Oyi 
50 Aatil®»f'^^omS»iffi:mE<k$<t, ^*'J-b;wo(a«B 
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-So 

10 1 3 9J ^^^<r>%\ ^<r>%m<r>jm\:i^i>y^mk 

^ <^ ^ ;u-c-|±, V - X ®l^iJ i 0^ K 

tt, LDD«ii^«^L■C^/»^35^ v >• K U-T >-« 
@ 4 a - 4 b HO V - ^-KFih-f-S) *^ t x. (fv V n 

Bit LTJ±/^tx.lfT i O 2. T 3.20 5, Al 
2 0 5. PZT, SBT74«*)^.o 
to 1 4 0] *^?g<^»l OOHifeOB^-Cli, V-X 

ffl. KU'^' >fflijWM:frlc. SM2 6 «-|Stt;t:7&*, f*>ib 

[0 14 1] ^IC, 2|c%W«|^l 0 <0||ife<OJi^®»C#^ 
'J <7?|ftf^ trover 1219 1 iJiUfHig 2 S-ffl 

1-<s^»^-^-=eu<^ifffililt'ab-So 0 9 lu^-ri^ 

|^-CJiL?OV^-?-#x., KL'^' >'fflitlliJOS#Sae4 
btCi^A-t^o ^•\'?-;W^«l2 5 1CSM2 e^r^tt/cc: 
h-^. S^OftA:^|fiHC«i?fS«JS4 b:4«ffi11Lrv^ 
^o/:«bn, «W1gai4 bH*J-i-'S«^oaxa 

>^'J-t;v^M*»i, 09 2 U^-r J: T tc, h 
GU:gmJE (- — 5V) S-epjpL, 7r • yjwK 
(FN) 1! h >7^;l'SiilE«:5pjfflLrmW»8f^4 
a> 4 b55»f.m^*5l§a< C i:-Cfftoti.-5>o Y 

**-Ci4o V-;^S. KU-f vDJinM-N^*! 

«1 comfit Ji^^^IESE^r KU-Y vDlcEniPL, v 
-;^S«:T9jS^ffi (Floating) t-fti-lf, KU-f^DflO 

[0 14 21 t ;t0^^iL'Srv>*^ ->« * U -fe^KOSE^ffi 




«:^&-r«.c: tr-^f*?ix-5o E'i?S«^4 a, 4b<7)1? 
i o T V - ;^ SiS, K u 'f > m.mLm(r>%mi. 

ffll-s '{)0-c^);&o v-;i,s, Ki"f >D(Oi:'t> ^^z>'< 
Sjfil-riitf i mi^S«S4 ai}J:0'4 b<0 4o<7)|g 
««.®tcJ:oT4 0(^^i:*mBEf£«#'ttJi^lf t>*t, -?- 
ftlcJ: 0 1 o<7)-t;l'T2 t' y h*<^1t^4-EtiT-# ^„ 
10 10 14 31 :*:f&^(7)|| 1 0 

^*ilS#-^^';<^>^'J-b;K0Siji:&&«:iI9 3 Tins 

1 0 1 im^^xmm-th^ t-fm 9 3 fc^i-j: -9 tc, ^ 

4o -f-LT, 09 4 C;^1-J: Tic. fctilfR I EiStC 

i^-c, nffl^Sf^^«i 9 Sri-yf->^^-rsct-e, 

SII2 6*JFM-r^o 
[0 1 4 41 ijfctc. 09 5{c^-r tc, na^»#a 

«i 9i^®uii#ii«ti:t)<^/jN$v>vij 3 >gfbii«-it. 

20 »L> 1 0 nmSSO^l h^^Sil 3 ^Bfig-r 

^IfJ VDffi■C^T-5o ^ly- hi^«^mi 3?fMf*. C 
VDfeJ^J: •) v'j3>gi'fbliS:Jt«L, 5-1 Onm^ 

K0^2y- hifgiSfell l 4 ^l&WL-tho ^v^T J VDv* 

1 0 nmgJt0^3^- fi^Jll 5 tJi^fiSctio 
[01451 096 vz-m-ti^ t u> nM^^^it-fr* 
«1 9i^BULPC VDffilcJ: •} n S S li p S^M!^ 
*-K-7*L/c5 0- 2 5 0 nmSjg(0#>|tB^B->'J 3»1 

SrJ&j£i--S.^1^0nli#i»'*»^61 9<0^®co^l>>'- 

hi»igngii3, %2Y-\-imm\ MiiximY-}- 
im^i 5tgeS'g-wuK7'fi7f->i'-r4o 

(014 61 0 9 7tc^i-<tTH, mitll«e?f^ 
fiS;<7);t*<0^M 1 7 iW^^t^c wtO^W 1 7 11 1 
r-hKfbKl 3i3J:c;*^3y-h*6i»)115J:»)<)l^ 
2y- hffii^Ml 4 60J.-y^>i^jgK7)»:^iv^i-y^> 

hi-y-f v^^f ^c; t-c?i^fiS:i--S)o 3|i:||?q(73||i 0. 

<omm'nr^m-^ii. f^iy-y mm isaxv^sv 

so 10 1 4 71 '^fc, 09 8tc^i-J:TU, nS^^fj^gfe 
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'J 3 >m.im 1 8 in.^mmmm^<Dtztb<D^m i 

(0 1 4 8] '^(r. @ 1 0 OlcS^-fJ: T t-, nS^i^-^fr 
1 9 ^ffitc^fbM 1 6 im^Lf^m. fi^^ifeztJt 

<^p-ajt;&^2 o*?g^-t-&o p-Sld:tJc^2 oii-r 10 

10 1 4 91 ^ic. 111 0 nz^-fxoiz. y-hmffi 
:T^*ie!i>jis<7) p +afet5cs 2 1 im^-r^o p 

K't^Tj--;!/;^'^— ^^9 i: L-CpS^*6^*i£A . 

[0 15 0] 'jfcU, nM^#^*«tl 9C0^ffi(cCVD 

* o 1 2 m^^. jiiEm^o^j^icjso 

ojSil!l!*^S4:liSf*1-ti.»f, 1119 Otc^L^w>*';-t;l' 
[0 15 11 ^ciJ, |gl^l±L'S:v»Af, El 9 0 ^ 'J -t so 

[ 0 1 5 2 1 CO J: -9 1::, l 0 Hifeoj^^-c 

l±, mit1l«e4 ai3j:y-'4 b ?:y- hm@3(7)M5gO 

[0 15 31 tfz. mffiS»e4 aiJ J:0f4 bO^ + * 

;uft:^r6]oifM»±^ 1 y- bi^^M 1 3 *5 J: o'fS 3 y- > 
j^i^n 1 5 2 r- hifgiSfeK 1 4 y-?" > i^i&mm 

-S-ittc J: ») , 4 a is J: 1/4 b €:*tf!r4cS£ 

fiT'§-!)o -^L-c, m^^mmA at 4 b(±^2y- h 

ite^Ml 4m:-5T1|^6?)«c^^tzi3-St^tv-&0-C. m 
WSffifl 4 a i: 1 4 b IW<Offii:{'^ffll±® w ^ «:v^o S so 




^IC> m#1l«S 4 aiJiJf 4 bi±V-;^ll^. KU-f 

tiiji^^^^.j =&^#tT-§-&„ SW^«14 a a J: 1/4 
b»±y- H;M3«o^g67>»t,f'-ir^^w®«t:&lS]UE^L 
TJg^^ix, mWS«S4 aiJJ:y^4 bO^*.<^)^^* 

[0 15 41 $t>lx. -t;umigtia'^<^CMO SXg-C 

[0 1 5 51 -g-LT, *fi?gwiii o(omts^<r>Mmx 
tms.<D^m\L =t 0 s i t **-e § 4 o 

[01561 (» 11 OHiSOJ^S) ^fcJZ. 

1 10|IM(Off^^{Iov^Tgl^-r'5o ^^l§^<75^1 

9 Q<DmM%mm 4 a tmwii«S4 bF^icEe$*i./c 

S^2<^«^mi 4 4r5FSt L, 2 oOSi?f#«iB 4 a is 

J:t;f4 b ^r— »ffc$-iir/cffi«*S?oTv>;j>o 0 10 2 
l±, *§l^c0^1 lco|life(^?^.^tCiS&^»%'tt4^»*i: 
^^'jcr)^^';-t;W«it?r^i-»f®EI'^*'5>o 1210 2 
tc^l-i^tz, ::-<o>*';-t;i'«jti±. ±IB<om oo 
lliS<???FM<^mi^1l«§ 4a, 4b, i5S.Tfm2 (omM 
^l4f,zmk.X. mW?«S4f4, EgL/^'bO-C* 

[0 1 5 71 ^Jct-, ^%m<0^l l(r>%^(r>MW.\,z^^^ 
^a^li^ -t^KOSSogll^ffiSrlEI 1 0 3 71 ■ 

HI 0 8 «:fflv^Tgi^1--&o ±ie«0^1 0<7)^M<O?gS 
tRl^t, i-fmi Q3\Z7!iiri.^\z^ f-^^^^)\^^m.2Z 
**?^fife$ix4®l*J'm«:S-7 7 1 h UvT. 2 
7S:v nS^^^-ft^^^l 9±lcffMt*o Ell 
0 4 tc^i-J:^ tc, /ctxtfR I EStci^T, nM^ 
®#:|£«1 gSr-a^yf-^i^-t-SCfe, S^2 6 Sr?^fiS; 

[0 1 5 81 121 0 5»cS^-f i^ic, na#^^#: 

»t£ 1 9 ^MtcmWS««l:tl <^/h S v> -> 'J 3 > gfbM «r 
ii«L, 1 0 n mmm.<r>^ 1 -5^- hi^igill 1 3 frfMi" 

-5.0 mwil«tl:':<^/h$v^v'j 3>gftM<PJt«{±/^t 

^(fj VD^-Ctf^o ^ly-b^fe^BSl 3?FMf^, L 
P C V DfeUJ; *3 SWS«tg*<^iS5v>v 'J 3 va^km 1 

8 * 5 ~ 1 0 n m«JSffMi-*o i^^/^T J V D J: "5 
Sffi1l«tl:^J<75/h$v^v'; 3>a{bM?rlt«L, 1 0 n 
rngS^O^ 3 y- h *£^SI 1 5 iMffSLi-h^ 

[0 15 91 ^ki-z, HI 0 6 iZTji-tXniZ^ nM#-*#: 
mWLl 9^®ICL PCVDSUJ: ») nMS ^>:l± pM^^fi 
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K-^L/^S 0-2 5 0 nmgJgO^^B^v'J 

- vimm 13. y 'J 3 >mim i s is i y^isa y- h 

(0 1 6 0] 121 0 7lC;^i-J:9tc, nS^^^^ 

<7) p -mitm 2 0 ^ffMt^o p -sjttice 2 o li-f 

[0 16 1] HI 0 si.z7jk-tx^\z. r- vmm 
^^f^mm^np+mitm 2 1 ^ifi^^i--i>o p +a&tic 

112 l»±'<:^->i*Xa«JCj: or- h«S3i3<ttr-9->r 

(0 16 21 ^\Z. nM#^«flt»«l 9<r5^ffilcCVD 

1 9 4r^i&1±^a^+-e^M3S1-^ ^ i: »c J: 0 y 

- hS«3iJJ:trp+Mtelic® 2 1 -e-*x.-PfL<o«iSic7S 

*o «^S1 2?]^fiSom, ±feJiino®«itc^o^>:*RJlD 
[0 16 3] lll^JiL'tv^TS*, [21 1 0 2<^^^'; 

[0164] (^12 (omm<^Mm) >Xiz. ^%m(D^ 
1 2<D%m<r>mmAz^^'xmmi-^o mi o 9i±, 
m<r>mi 2<Dnm<r)Mmiz%i^>m?^¥^mi^jt'e^}(r> 

nm<r>r^mxii. r-]'nm3<r>yi^-->iriz&±ts. 

[0 16 51 'kiZ. :^^m<omi 2(D%m(r)jmAZf^^ 
^SI§&14->t*';Op''=e'J-t;vo5SJji:frfe=Sr|gll l 0 7!;S 

12 1 1 8 im^^xmrnt^o f -fia 1 1 o i t 

IC. ^-\'^^;Wf|ttl2 5*^J]^«$n-&^itiiWSrSo 7* 
hP-Vx hyN-5'->2 7 nM#^#;^«l 9±U?K 
«i-^o •?-LT, 12 1 1 1 U^-tJ: n /'ctx.lfR I 




tr-, SM2 6 im^-t^o 

[0 16 61 mz. mi 1 2kzmti^iz. nm^mi^ 
1 9 ^miz'^^mmmtiff)^h^^''> >m.Mmi 
mmt. 1 0 ninmm<r>miy- htmmi 3 im-^-t 

xJf J VDS-e=?f To «ii y- h 3 B^^^, c 

VBHIZX *) 'y') =i>mtmimmi. S-lOnmm 

sw^2y- h^^^i 4 iwm-r^a ^v^-c J vDft 
10 1 0 ximmmtDmsY-hi^mmi 5i:ri-^-tio 

iZ. nS#*<$««l 9^S(-L PCVDftUct 15 nS 
S/>:»±pM/F»S: V'-^LfzS 0^5 0 0 n mSJ£<^ 

[0 16 71 ^iz: 01 1 3U^-tJ:^U, ■ffc-^fitJ^ttt 
WWa:^fe(C«tcT, #^a^B V 'J :3 >M 1 9<?)a*!>ii*. 

s-^T^^o - t-c. y- hss3 ^jf^^-r^o ^ij, a 
#^ nm^mi^m^i 9±izn^-ti^i<Dr- y^im 
mi 3, m2<Dr- h^mmi 4i3xvm3<or- 

mmi5i.fztx.ii^:>^y}-:i-y^>irizj:if)m^$ 
20 ixi>o 

[0 16 8] >kiz. mi 1 4izm-txn^z^ m^^mm 

1 y- i a ii j: c^^^.s y- h^mm 1 5 j: 

^2 y- h^Ml 4<^i-y ^>i^ajK*^-:;'ci:v»ji-;;^ 

>irm^m^^xm2Y- hn&mmi 4<Dm^i:^n&^iz 

2 WHiSOJi^ST-li, ^ 1 y- h gj^kll 1 3 J: 0-*^ 3 
y- h ^«iili 5 ^ -> u 3 > Mfbiin?^^ L , ^ 2 y- 
hifgi^mi 4 3>®jfkm-cit5!oLTv^-5<^-c. ^ 

[0 1 6 9] 'j^tc, IE] 1 1 5 ic^-t J: T nl!^^# 
S«l 9^ffilcL PCVDSt:J: mWS««l:'3<75Av> 
V «J zi >mim 1 8 4:SWS«^?f^fi£<^7^:«^<^^K 1 7 
*»^^lca*aiftt4J:-9f:iftai-4o -fLr, 01 1 
6iz^i-j:^jc, nl!45-«^*^*«l 9^®IC**LTR I 

[0 17 0] 121 1 7(C5^-t±Ttc, nS^^^-fi^ 

»«1 9^MlC®Efkmi 6 im&Ltzm. -(S^M^iigS 

<r5p-aj£tfce2 os-ji^B£t-i.o p-aii£tfce2 014^" 

^ifelraAL, -^Of^OSi^!!!.3SlcJ:oTaAL/c5FMigj 

[0 17 11 ^iz. 121 1 8 fc^-f iTtc, y- hmm. 

so 3<OffliJMl--9-'l' K'?*-;wx^— »j-94:BfiS:L;tf^, ^ 
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10 17 21 ^Jci;/nM¥»#««l 9<0^®tcCVD 
1 9 %:T^m^'^m%^X».Mm.1r^^ 1 1- J: f) y 

[0 17 3] iSriJ, ia^JiL4v^*f, |gI109Oj«^'; 

;uJi^6itIS, E«IJfMIg> ^■?-y->'N*'f ->3 >mJgffiX 
g^eoiitWCMOSSSitXgSrJUiX^T, S*^fi<J^:^ 

10 17 41 (^1 3<^|IM«^)?^®) ^fct-> ^%?^<^fl 20 

1 2 <oiiife<oji^s-et±. ^ * -t ;uJiJ.ii.<^ b 7 > v;^ 

^, SilCMOS h7>v:^^Wfllitt LT, r-hS. 

y^y- h4:jSiSft-t-5lft***'5r$ix-CV^4 (T. Ghani 
et al.. IEDM99, p415) „ ::«0^1 3 «0|liS4l<^?gS 

[ 0 1 7 5 1 12 1 1 9 (±, :^^m<r>m I 3 <^|liSO?i^^ 

ffi|g-C**o :i<0>-=e»J-fe;Wt±nl!MOS 
•dtfiK^ttio :*:%^<0^1 3<^lliSOJi^^lC'K4;Fa 

«iw^s;c^iy- hifei^mi 3^:^LTy-hmffi 

3 74»l£ft c> i^'5.o V 3 OMSeiCJiCnaJA^tStt 

#IHlSBrttcf±/'SW1l«)i4 (4 a, 4 b) 40 

flI3 0 3if?Kfife$tLTV»-5.o y- hmS3 0ffliJffiir(±®Sfk 

wO-^'f K'^ 9<75TfB«Opa-i|5^2ff*:»« 

-Mt&Wtm lot, w CO n -M&tfeS 1 0 ff)^miz^S. 
i-*^^*6«Ji»iSo n +MfetS:e l 1 *«iaitc»ixSo y ■ 

[01761 :$^i&^<o^ 1 3 <r>'mm<r>jfmiz^i>^mft »> 




n+MfitStSl l-CSdtL/wLDDflijg«:^LTv>^,„ 

-j-LT. y- hms3<^MSS6i:(±i:wir«S4 (4 

■ a . 4b) 75*?fM ? ix-&o -1 «0 2 o<;>^i3fSI»® 4 a iJ 
J:tf 4 blcm^^SrSSL, 'e<0^«t>cS(± (1) S^^S 

(2) m#lia^4 a<0^7j*m^-S:^«LTV^>&t(c.^, 

(3) m^^mmA h(7)^i^m=FiwmLx\^^i,ikB. 

(4) mW?l«S4a, 4 b*um^Srll«LTV^>5i^c 
aiJJ:cr4 b IC'g^if $ ^t/t^i^eO^Stetc J: o i: ^> L 

"10", "1 1 "icitiD^-fr-So tfc. -t;w 

m?-<oa^St-i*3iM* (over-erase) ^i:S^Jl::$^^, 

-^-i^^cJ: •5j§m*lCjeH1-'5.'J-i5'^a, T'oyvA/F 

^ 4 li c V D Sic J: 4 mw«aie:t>'^iSv» -> 'J 3 > a<k 

^<ffilC$Sii-Ci"-2)o ^1 y- h^^Ml 3 Srv 

')^ymitm (s i0 2M) o2isgK<ogim^s-wi- 
2.v'j3>afkii (s i 3N4IS) xm^-rf\.\t. ■>•'( 

3>®^fl:)!I^a[^I?*M ntn- 1 1 n m^S<7?#^#l:-. 
«±1 0 nmSK«:<0-C, SSh^^^^l' (DT) gfeAlj^ 

10 1 7 7l.3|5:#^o^i 3 0|life<^?i^^t::i3^4^»ll 
^ <^ ^ * '-I -t l±, V - ;^^®i5 J: K w -1" V 
afta<7)»JE[fi]±<75gfi<Jt?n-affitfc^ 1 0 ^r^tt, LD 

10 17 sY>k\z. ^^m<^^ \ 3 (n%m<^MmAZ*Ski> 
^ ') cotj)fFuov»-ria 1 2 0 ±5 i i/ia 121 

«:fflv»TSi^1--&o 01 2 0i±, ##ii*Ib^'P«r§iWi- 
4^S^'l4>*'>'<7)Kf®Il-C$);&o 01 2 1 (±, vW*t!) 
fF4'l5i^i-'5)^}f^14;<^';fi08)fffil2r*)4o 012 0 
iiJ:a*l21 12 1 O->t^'J-t;H±nMM0S h 7>'J7.9 



^ ^2001 -1 561 88 (P200 1 ^1 56 1 88A) 




Z(7)XdizmS.i:(PtnL. (CHE) T- 

lEt AtL#Ati(f J:v^„ ^^';-t;K7)m*{l, [i 

1 2 1 IZ^-TidU, h GtC^Sffi (- — 5 V) i 
eniOL, ^T-i??- • K^>-< A (FN) Shi'^^l' 10 
aSiE«:5pJfflLTa?}f««e4 a, 4 h-6-hn=f-^3\^tk 

Ku-f >affitcEiispL. y-:^m.mtw-mm.n. (Fioati 

ng) i:1-*ilf, KU-f 4 b<^*ij5> 

[0 179] *7t:I§i^l±L^v»54^ >J-fe;KOS!<^tB 
4:^^01-*:: t-CtT^*t -So mWS«S4 a, 4 b(0|| 

flit^^ ic J: o -c V - X . K > mniiSimommm 

ii^tt (■f--V7>;V3>i^^' >X) *J^|^1--5,C:i:«:flJ 

SIRi-ttIf J: v>o n^mnm 4ai3J:t;'4bO4O(0S 30 

«^ffim:^T4oo^^:SSiiSifEJi!t$1±/4^l|e>tt, 

I0 18 0li>;U, pMMOS h7>->';^^TffifiESn 
Oijl{^lcov>Tll 1 2 2 *5 J: O^EI 1 2 3 ^fflv^TSi^t 
';oiftBBlt?*-S.o Ell 2 3I±, m^W}Vf'tUmti>T- 

m^j^'e^}<Dmmm-ci>^o sii22iJj:yTgi23 

El 1 2 2 tc^-tJ: -7 p«^'J-t;K7)##ii^B#(cti, 40 

*en*D.L, --o KM h >t-;i'^m^H<^m^li 

K U -< > ^■®i£#<omi^-Ci:t- Sr-^x, K U -T > 
^|l^fflJ<omi^ll«S4 b(w^^«r-^X1--&o v-;^®l!S 

m^m^mntfSi aizmi-i&x-r^m'tizii. ku'T 

x.ti-»^J:v»o —13< ■t)i'(Om^ii. Ell 2 3ic^ . 

■rxniz^ y-vGiznms. (~-5V) imut. f 

N^»!L«rflJfflLTi;i^S«e4 a, 4 b ^^^bm^ s" 




w^:-C^f*^i^-^.o y- h G > * 'J -fe 

Siiiy-'KU-rvDJinffl^^ft^lSl 9 tl^Sfit*^ 

[0 1 8 U t;tEIS^l±L<fcv>*», j«^'J-fc;KO^*ai 

^^*nt-*^i:-eff;bix-&o m^tll«S4 a. 4 b<7)ir 
rnvtm i ^ T V - ;^ K U"f > ^i^i5^<0Sc£fE 

m-ri>i><Dx-^ho v-xs, vi"i>T)(r>t'->=3h\zj< 

IM^.^tcJ:-5r4 0(0^*«.mS£fE^i|f14**»*bn. -f- 
nn-t •) lo<7)-t;WT-2 kf-y h55-<Olf ^4:iEtir-|; 
[01 8 2 1 :^^m<7)^ 1 3 0||Sfe(Dff^Sr-J±, H 1 2 

^i^i 0. 1 1 ±<D^izmE.^n. ^^^-ji'mnL^izii 

ig3 0[Hlf|5<^#:aiC±o-C, y-h-V-X- KU'TV 
m<DW^^Siim.W.^ir. MOS h7> v'x^'OSiSfi) 
f^5i«Wfg i: «: -5> i: ^ ^3pJ U rv^ S o 

[0 18 31 (^1 4(r>nm<Dmm) >kiz^ 

1 4<Dmm<r>^m\z-D^^xum-f^o c<^^i 4(r>mm 

(Dmma. ±m<Dmi 3(Dnm<^mmizii\,^r. sws 

fc'i.oTv^-So Ell 2 5l±s *5I^<0SS1 4<??||JfeOf^ 

&Wii<7)mmizmiy-hmmmi si^Lxr- hn. 

m3d*iS:tt'bix^o y- hmS3<^i^}gliliCngC75f^(t 

hix. #ias6i*iic»±, mwsae4 (4 a, 4 b) 

tiiSK*^ n -sitfitfcs lot, CIO n -m^Wim 1 0 
9\-mizum-ri>^^m'^mst<o n +g!t!i:t5c® 1 1 

[0 18 4] ^§^m<7)9^i 4<Dnm<olfm■(^^i. -^--f k 



a 200 1 -1 56 1 88 (P200 1 -1 561 88A) 




^1 3ff)mm<ommtm^. mi 2 ec^^i-j:-?*:. a 

. 10 18 6] 

[0 18 71 ^f^miZitiiS. frS#5:»3t7'n-t;^-C^ 
10 18 81 ^H^giCiixJiT. ®#^:-fcJU«jt-eS§Cfi<) 
10 18 9] ^:|§?g^cJ:i^|f, liS*i:jKit7'D-b;^TS 

•=& 'J <0 ^ ^ U -t JW«^?r^-tBfBBlf * -£.0 

lia 2] :^ftm(r>m 1 <^iii&<ojg,^iC'^^,?F»fii±ii£-^ 
112 31 :^ft^(Dmi<omm<r>mmiz^i^m^ii^m 

IE 61 2|s:|§?go^ 1 <0^SSOff^Stc#^/Fffll&14*» 
^ * »J O p« * U -t ^KOStitXg «r ^-f »f ® El * * o 
10 71 :*:|IW<0^1 W||iSO?i^®l-#^^a%14^S 

[0 91 *l65g<0^ 1 0^ife<75JK.|Bic-(^^7F}f 
■ -f*:^ -=6 U (O p< ^ -t ;i'(OSltiiXS5r^i-®fB0f*^>o 
[01 0] 2|s:%^(0^2<7)jliSO?i^SlC'(^*75»^1445- 

^ U <0 > ^ -fe ;w«it =Sr ^i-'»f® * o 
[011] *%?^C0^2 0*M'OJF^®.IC#;S/F»5I14¥ 




[121 31 :$i^m(Dm2ff)mm<^Mm\Z'^i>T-m^\t^ 

^ <Opf * 'J •fe;K?)SjgXS«rS^-rBf®0-C* 

[014] :^^m<om2(r>mm(ommiZ'%i,T^m^^^ 

mi^^ ^ 'J * 'J -t;ucoiliigXg5:5^-rif®0T-* 

-So 

[01 51 :*:|§gqw|^2<^|ISfe<05^@.(C-(^^^»%14* 
^ 'J <7)^ * 'J -feJK^SlaiXgSr^-rifBat:-* 

-So 

[0161 2is:|g?^<0Sg2W|li&O?^^tc#-&:T:»fM4# 
* «; * 'J -t^wcoiSiigxgfr^i-Kfffla-cab 

^ o 

[0 1 7 1 :$^^m(0^ 2 <0*ia<OJgStZi^-J,^»|&1±ij5^ 

[01 81 :^^m<om2<7)mt&<^MMiz^^i>^m^t ' 

tS^W* ^ 'J * 'J -b^l'O^igXg=Sr^-rBfffi0T* 

[01 91 2|cf|gg<^S|2<^*ific05i^^tC'»^^JSI&'l±ili 
^ft^ ^ 'J (O^ ^ 'J -b;K^SSilXg*^i-»f®0-C** 

[0 2 01 2|s:||?g<r)|g4O|lift<0?i^gitC«-&/r:»l&##- 

[02 11 *l&?g<0^4c7)||JS<7)®ffi(C'f*-&^»lfe14ii^^ 

[0 2 21 ^?km<r>f^A(r>m&<r>WM\z^i>:^-m%^^ 

mit^jt ^ 'J (r>W}i'^immt^ 8ff®0-c ^ o 
[02 3] :^^^ff)m 5 (Dmtk<^^WAz^^^^m^^^ 

s^-t-if®0-c**o 

[0 2 41 0 2 3(DM0S f 9 V-^X i'C^SaitXg*^ 

-rKf®0-c2b;&o 

[0 2 51 0 2 3<0M0S h7>->*;^^'0^3tXg4:^ 

i-»f®0t?*-6o 
[0 2 6] 0 2 3<0M0S b 9>>^:^^OSajtXS4:^ 

•t8if®0-e*^o 

[0 2 7 1 0 2 3 <0M0 S h 7 > v':^ -J' O^itXS^r^ 

-rif®0-e*^>o 

[0 2 8 1 0 2 3 <0M0 S h 7 > v^X oaijtIg«:3^ 
i-»fffi0f*-&o 

[0 2 91 0 2 3OM0S V y > i^' :^ (OtSl&Ji^im 
•t-if®0T*^o 

[12 3 0] 0 2 3<0M0S b 7 > '>';^ «OSiliSXg«:^ 
i-Sffffi0T*>«.o 

[0 3 1] 2f:%^<0||6<73|IM<Off^SlC'{^^^^ft:f51t 
^« izmm ? ti.;t5p:»|&14#-«^*:> * U <^ ^ 'J -fc 
jS*3^1-»fffi0"^*'5)o 

[03 2] :$i^m<r>m6(omm<njfmjZ'^i>^mmm 
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10.3 3] ^^m<om6<omi&<r>Mwnz%i,7fim^n^ 
lias 4] ^^m<r>fii6<r>mm<ommz^i:r-m^^ 

> ^ <; <o y -t >; -t ;i' Siigig «r ^i- Bf MB -cab 

[1113 71 *|g?qoJ^6 0|lifeojig,^tc#-&:i^»l§M^ 
[03 81 *ISW«^)^6<03lifi<0?^^tC#5:i^SIH±i|£ 

[0 3 91 ^^m<Dm6<DmmoMmA-'9kiT-mf^^ 
[0 4 01 ^^m(^m6(7)mm<DMmiZ'gkiT-mmE^ 

^ U <0 p{ ^ V -t ;K59SaiiXgSr^1-»fffi0-e* 

[0411 6 W|life<0JF^.^tC'^^^SII14-:|^ 

^ 'J C5 ^ ^ 'J -t ;K^3KiiXS4-^f BfM0T* 

•So 

[04 21 *ISiq<olS6o|li(iiW3]?Sgi^'^'5:T:iil§i±^ 

* >; <0 j< ^ 'J -fe^K^gtilXgSr^-f l»®0-e* 

-So 

[04 31 *IS^^^6<0||ife<0?i^Stc«^^JifH4-^ 

* 'J W> ^ »; -t^KOSaSXSSrS^-f Bf®0t"*> 

-So 

[0441 *ll^<7)^ 6 <^^ifeO?g.®C'(i^}f%ttiti.« 

H-ji •=£ >; «ovi ^ >; -t ;K0SSigxg Sr^l-ifM0-cfeio 

(04 51 2p^fl^^iP6<05tifiO?g^H-^-&JflHti|iji 

[04 61 ^^^'r>^6<r>mm<^MBAzmim^^^m 

^> ^ •; <0 ^ ^ 'J -t ^UOSijgXg «:^^1-®f®0Tfe 
[04 71 *IS^<^^S6<^||Sfe<0?i^^tC#4Jf|Stt#^ 

<7);< ^ U •fe;wc6$iijtxg«:^-rif®0-cab-2)o 

[0481 *%^<o^ 6 (Dmm<r>w^miz^^m^^^m 

^ U <0 ^ ') -t ;K0iii3tXS t ^-f »f B0-C * -5. o 
[04 91 2^:|g?g(0^6<0||ifi<^J^S(c#*aiSitJ|s.2g 

^ <; <o p< ^ g -t ;K75Sijgxg «-^1-gf®0T-fe o 

[0 5 01 ^^m<DfH6(Dnm<oMmiz^^zm^it^m 
^"j •fe;Koss3ixe«:^-rifffi0-e*)-i,o 

[05 11 2f:|S?goSS6 0|lifiOJ|^®tCii^»fltti|t^ 

^> <0 jf * 'j -fc;K73SSatXS*^-r8ffffi0T-4)^o 
[0 5 21 *5§^«0|^6<^)|tM<Of^®lC-($-5afltSi}i^ 

^'j CO •t;KOiSiiXgS-S^i-»f®0-e*.5>o 

[0531 ^fi^<om 7 ff)nm<r>mmiz^i^miif-u^ 



[gl5 4l *ll?90||7<^||JSO?i^^tC'^-S^iS#:ieS 

[1215 51 ^^mnmi <Dmm<owmAzm^^m^\t^ 
* 'J <7)> * »j -fcjK^ssfgxg^-^-refss-e* 

-So 

[nisei 5js:f|^<!9^7C0||M<^?F^at;'^-5^fS%S1^^ 
10 ^#:pi*'J<^p«* V-t^KOlJitxaSr^-rS/rBS-C* 

-So 

[HIS 71 2p:%^o||7<oj|JS<^?g®tr#^7FIS§|^4^^ 
• ^ft:>-e';o>*';-t;u«oS!iiSXS^^1-i(rffi0-c* 

-So 

[1115 81 3ls:||?g<^i^7<0||M<0?g^t3#-5;F»§|Si^ 

-So 

[0 5 91 2|cfl?g<Oj|7 0||ife<0?g|8tC'fi^^a|gttiiJ. 
-=6 >; 0> * 'J -t;KOi!iiiXSS-^-r »f®0-e* 

20 

[0 6 01 2f:%^<0^7O||iS<^?g,®{CiiS^ff%'ttiji 

-So 

[06 11 *^^0^7(D|life<7)flg^tc#<5,;T^a%-|4iji. 

-So 

[0 6 2] *IS?§<0^7O5lifiiW3i^®tC#S/f^»ll14i|t 
■=£ U ^ 'J -t;KOSljgXg«-^-t-B?f®0f * 

-So 

30 (0 6 3 1 ^^m^f^7 o%m<ow^mizmi>mmtii^m 

^ >; <^ ^ ^ -fc^uoSaitXS S:^i-»fB0T*) -S e 
[0 6 4 1 7 (O^iSOJi^,^ iz-^^W^teili^ 

-=6 «; CD> ^ •fe;K^SijgX@«:3^i-a(f®0-C*)-5)o 

[06 51 :if^^m<r>m7(o%m<ommAz^?>m^i^^ 

[06 61 2|!:%gg(7)^7<7>^MW?F^.^U^^^Jf%ttifij|[ 

[06 71 *l&W<^^7O||M<0?^^lC#4JSI6tti)£^ 

-ft:pt ^ 'J 0? ^ * •t:;K^SSJgX@ «r^-t8ffB0T-* -S o 

« ime 8] :^fkm<r>f^7(r>nm<r>mmiz'9h^m^ii^m 

* <0 > * -fc jKOSiiSXS 4: ^-t ®fffi0-c* -5, o 
[06 91 *l&?g<^lg7^llifeW?K^{C'^-2,»l&tti{5:« 
#:pt ^ 'J CO > ^ -fc;K7)»jtX@«r^i-gf®0f * ^>o 

m7 0] :^^^(Dm7<Dnm<ommAzm^m^it^m 

* 'j c7)> * 'J •fe;KOSi3tXg«r^-t-efB0t?*^o 
[07 11 *^?g<^»8O||ifeO?i^,^»C'0&*;T^ffl|&#i|£ 

^ 'J CO ^ * 'J -t ^-rBfS0-C-* o 

[0 7 21 :$:|&.^<0^8^^MOff^®.tCi^;S,7F»f&1±4i- 
* 'J Oli^^ «r liiggt -S Bff® Sl-C* -5, „ 

50 m7 3] :^?^m<^m8<DnM(nmmz%^7r^m^it^ 



^ ^ 2001 -1 56 1 88 (P2001 -1 561 88A) 



(28) 



20 



^'^;^^')(DmV^i:U^'ti>Mmmr-$>i>o [0 9 1 

[m 7 4 ] :^^B^<D^ 8 <Dmtt&<r>mm\z^^^m^ii^ 

. ^mi^j' 

[0751 ^^m<r>^ 8 0*ife<0}KStr^^/FS^14^ liH 9 3 

[m 7 6 1 ^§km<r>^ 8 <7)iiiio}g^tC'S*:i^jf [094 
10 7 7] :$i§tm(^f^8<r>mm<r>r^BK^^^m^ii^ 11219 5 

[078] ^^m<om 8 <D^iS^ff^^lc#^.^»f&1±^ [H 9 6 

[07 9] :*:|&^0||8<^^ffl<75?i^SlC'^^^}5S14^ 

m^J^ 'J W ^ ^ 'J -t ;K^l!li®Xg*^-fif®l2It?* 

^ o 

[081] :^^m<r>^ 8 <7)mi&(DMBiZ^^^^^^ 

^ o 

[082] 8 <Dmt^<oMm\:.^^^s.^^^ 

So 

[0 8 3 1 :$^^m(Dm 9 (^||}fi<^?i^®(-'9^'&^a5l14i|^ 
[0 8 4 1 2^§I^O|^ 9 O|tifi<0?i^®tC^|S^»»t£^ 

* >; j« ^ -t ;Kosaiax^t^-tBfM0'Cjfe 

^ o 

[0 8 5 1 :^^m<Df^ 9 <5:'|life(^®®JC#-&^a%144^- 

So 

[08 6] 2t:|ggg<75^9<0|life(05f^ffilC'tiS^ffl^14-5#- 
3J[f^;>{ -=6 'J <0 j{ * 'J •fc-'K^illjiXg=Sr^f Kfffi0t'* 
-5)0 

[08 7] :*:|S?g<^?^9 0|liSfe(05^^tr#;S.^»IS144'- 
-=6 U <^ p« ^ 'J •fe;KOS!ljSXg«r^i-if®0-e* 

-So 

[08 8] 2^|§gg(?)^9«0|lifeOJi^®lc^S^»ll1±^ 

[08 91 2ts:%^<7?^ 9 OltSSOff^Slc#^:T:»%'tt^ 
^ U <J?^ -=6 <; -fe JKOSl)tXg«r^i-ltlf®0'^* 

So 

[0 9 0] 1 0 (OHiS'TJff^St-i^S^ff 



30 



40 



^ >j <^ii)f*^riji^1"Sffif®0-c-*^.o 

^ 'jeo^^'; •t;i'OSJjtXg^r^i-firffl0'C-* 

^ UOji* 'J -b.;K^»igXgSr^f ef®0f * 

1 2|!:ii^o^i o<Dmm<^Bm\~'9hi>^m^^ 



[0 9 7] :$:%?g(7)^l 0 0|lifi<755B^»C'(i-&^f:S5l1± 

So 

[0 9 81 :*:flW0^1 0<DmMmm\^9ki>^mft^ 
ijiiSL-ft:^'^ 'J <0 -bJK^SJitXgt^-fKfffiSt?* . 

So 

(09 91 *flW0^1 OOHi&OJg^lC^S^Sfltt 
i^^-fr^ ^ 'J 0> * •fe;KO8iigXgSr^-riBf®0-C«> 
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